Digraph Isomorphisms and Free Space Optical Networks by Coudert, David et al.
DigraphIsomorphisms andFreeSpaceOpticalNetworks
David Coudert, Afonso Ferreira, Ste´phane Pe´rennes
To cite this version:
David Coudert, Afonso Ferreira, Ste´phane Pe´rennes. DigraphIsomorphisms andFreeSpaceOp-
ticalNetworks. [Research Report] RR-3817, INRIA. 1999. <inria-00072841>
HAL Id: inria-00072841
https://hal.inria.fr/inria-00072841
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--0
03
81
7-
-F
R ap por t  

de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Digraph Isomorphisms
and Free Space Optical Networks
D. Coudert — A. Ferreira — S. Pérennes
N° 3817
Novembre 1999
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 
		ﬀﬂﬁﬃ "!#	ﬃ
$%"&'	)(*$+
,.-/+(1023
46587:9;*<*=?>A@CBED65GFE=C>A>H=CIJ>LKB8M%5ENPO?>H=?Q*Q*=CR
SUTWVX3Y3Z\[^] _A`aYAbdcfeﬀYgh`aif`jgkVX3YA`
lEmknpojYgPqsrtnCn?u
]vbpuWu1n?mwgvxfYymkYAz{T|YAmkz{T|Y~}dWZL[^vn?YX|maY:ZA?d[ŁZAuWbddYA`
ﬃA|dd
SUT|YﬃxfYﬀ+macW oj}x|?mkbdu|T)1a P¡`cW`acWbprtrti¢xfY£W}|YAx¤Ci6¥+ndm{x|`ynp¦v`a§AYﬀ¨nd}¤bd}
bdruWTWbpYgvnd¦EzAbpm{xft}Wbprt©gjiﬃWª1gaT|mkndcWdT«b)zifzrt¡zyrY¦¬gP`wTW©¦¬g\u1YAmaXcfgkbpgatnd}«nd}gaTWY¥%n?mkxW`ªWbp¦¬gaYAmv¥ T|¡z{T
gkT|YhmktdTCgaX3n?`wg%`aisX
ndrt`+z{TWbp}WdYAx®­¯°}#gkT|¡`8uWbdu1YAmAªs¥+Yh`aT|n¥±gaTWbpgUbd}Ci3xftdm{bpu|T)x|Y£W}|YHx)n?}#¥%n?mkx|`
bd}Wx bprtu|TWbd1Ygk`hnp¦*gaT|Y:`abdX3Y
`wt§Y?ª|gkT|man?c|dTbd}²³A´µ¬¶³k²³¸·¹uYmkX
cfg{bgatnd} n?}«gaT|Y:bprtu|TWbd1Yg
Wº»
bd}
²p³A´¸µ¬¶¼³a²p³¸·#u1YAmaXcfgkbpgatnd}nd}¤gaT|Y)¥+ndm{x.t}Wxf¡zYA`Aª*t`
t`andX3n?mau|TWtz:gkngaTWYﬃxfYﬀ+mkc| oj}®ª*u|mans¡xfYAx6gkTWbg
gkT|¡`3rtbpgwgaYAm3u1YAmaXcfgkbpgatnd}±t`½·d½¾©µJ½­À¿h`#bd}±bdu|u|rttzAbgkn?}®ªG¥+YmkYAzAbprtr+gaTWbpg3g#t`3Ás}|n¥ }gaTWbpg#gaT|Y
Â
u|ga¡zbprSm{bp}W`aun?`aY¹¯°}?gkYm{zn?}|}|YAzgatnd} qsif`jgkYXÃ¦Äman?XÆÅyÇUqfÈÉzbp}«tX3u|rYAX3Y}CgvgaTWYxfY
+mkc| oj} }CgaYAmwÊ
znd}|}WYAz¸gkn?}W`%¦ÄndmUËÌ}Wnsx|YA`Aªs¦Ändm b£|efYAxWªf¥ gaT Í:JË*GrtY}W`aYA`A­EÎ6Yy`aT|n¥ÏTWYmkYPT|n¥Ïgan3X3u|mkndYPgaTWt`
T1bpm{xf¥+bdmaYPmaYHÐCc|mkYX3YA}?gUgkn)Ñ°Ò Ë*a­
Ó ÔCÕÖk×
Ø
»d
Èh¡`wgamk|c|gaYAx`wif`wgaYAX3`Aª
Â
ufga¡zbdr?}WYgj¥+ndmkÁs`AªLÙ|mkYY8`auWbdzY8nd¦|ndufgktzAbprdt}CgaYAmkznd}|}|YHz¸gkn?}W`ª
Â
u|ga¡zbpr®Sm{bp}W`au1nC`wY\¯°}CgaYAmkznd}|}|YHz¸gkn?}qsif`wgaYX«ªWx|Y%mkc| oj}®ª1Ú\m{bpu|T¡`wn?X:n?mauWT|t`aX#`ªfÈP?mkbdu|TW`A­
Û®ÜLÝßÞWàâá¸ãä%ÝßÞ1åLæ{ãJçÝèæ{éßé êUÞëLåLåpá¸ãJçìjíPîê+æ%ïÛ®ðWïâñòWÛGó¸çÜLìôñôfÛﬀåHãá{õJìjö°ç®÷ø*ôfÛøÌù¬úâûßü{ýþ ß  ü¡þ¸ý
	tþ%þ

ü¡þ{ý



 üﬀﬁﬃﬂ ü{ý

!"#	 ¡þ$%
'&
àÝ çÜ)(éßöwækçìwé?æ*Líﬃ+ãæ*LöjìÛfìjéßìjöwáﬀ,yóAæ*Lí çÜLì*òï)åHãá{õJìjö°ç-(*ô
(ï®ñò
ô|Ûñ
.0/".0/1ﬀ1ﬀ12.43ﬀ3ﬀ3ﬀ5ﬀ5!6


	«ﬃ ﬃ  
	ﬃ 
+(   	ﬃ
~
 ﬃ$%y(*
ﬃ
vÏ	ﬃ
$%"&'	)(*	ﬀ
   ﬀ Yﬀ?mkbdu|T|Yﬀx|YxfY+mac| oj}®ªGﬀ1a«kªGYA`wg3zrtb?`a`a¡Ð?cWYX3Y}Cgxf_£W}|U`wcWmrﬂﬁ YA}W`aYX
WrYxfYA`
X3ndgk`yxfY:rn?}|dc|YAc|mP/`wcWm\cW}¢bprtu|TWbd1YgﬃrYgwgkmaYH`ªâz{TWb?Ð?cWY
X3npg¹zn?mamkYA`au1n?}Wx|bd}?g ﬃﬀc|}6`wn?X3X:YgA­
È\bp}1`+zYydm{bpu|T|Y?ª?rtYA` b?xLowbdzY}WzYA`+`wn?}Cg+n?fgaYA}CcWYA`+Y}cfgatrtt`kbp}Cg c|}«xf_AzAbpr¡bpdY\zifzrt¡Ð?cWY ﬃ?bdcWz{T|YP`ac|m
rtYA`GX:ndgk`AªC`ac|tsWxfYvr¡b¹`wcWW`jgk©gkcfgatnd})x|YvrtbyrtYgagamkYh`a©gkc|_Yvr¡byu|rtcW`!ﬃ¹x|man?©gkY uWbpmGcW}|YvrtYgwgkmaYPÐ?cWYr¡znd}1Ð?cWY
x|Y
rﬂﬁ bdru|T1bpYgA­¹È\bp}W`yzYg¹bpmaga¡zrtYdª}|ndcW`PX3nd}Cgamknd}1`PÐCc|Y
gandc|g\?mkbdu|T|Yn?matY}Cga_:xf_£1}|E`wc|m\rtYA`PX:ndgk`
x|Y rn?}|dc|YAc|mGzn?}W`wgkbp}CgkYUx"ﬁ c|})bdruWTWbpYg8xfn?}|}|_?ªdYgGn$#3rtbymkYr¡bgkn?}:x%ﬁ bdxowbdzYA}WzYvznd}W`a¡`jgkY&ﬃyY('YHz¸gkc|Ym
cW}|Y3u1YAmaXcfgkbpgatnd}À²³A´µ¬¶³a²pµ¬³*)`ac|m¹rﬂﬁ bdruWTWbpYg)¶Ec|}|Y#uYmkX
cfg{bgkn?} ²p³A´¸µ¬¶¼³a²µ¬³+)¹xfY#r¡bﬃun?`agatnd}.xfYA`
rtYgagamkYA`AªAYH`jgt`andX3ndmku|T|YGbdc¹xfY8+macW oj}`adYg`wYAc|rtYX3Y}Cg`adr¡bUu1YAmaXcfgkbpgatnd}xfYH`âun?`a©gkn?}W`®YH`jg+½·d½¾èµ-,./)­
hndcW`+bpuWu|r¡ÐCc|nd}1`+zYhmk_A`ac|rgkbg bpcﬀu|man?|rtVX3Y\x|YPr¡bX3t}|X3¡`abpgatnd}xfcﬀ}|n?X
|mkYPx|YPrtY}CgatrtrYH`%c|gatr¡`w_AYA`
rtndm{`:xfYﬃr¡bmk_Abdr¡`kbgatnd} xfc xfY«+macW oj}±bLdYAz)r0ﬁ bpm{z{T|gaYAzgac|mkYﬃx"ﬁ t}CgaYm{zn?}|}|Yestnd}ndufgktÐCc|YY} YA`auWbdzY
rtt|maYU}|n?X3X:_AY
Â
ufga¡zbdrsSm{bp}W`au1nC`wY+¯°}CgaYAmkznd}|}|YHz¸gkn?}:qsif`wgaYX~YgGxf_?Yrtndu|u_Y1ﬃ\rﬂﬁ Å\qWÇ+È
­?Åv}3bp}WzYA}
mk_A`ac|rgkbpgcfgkrtt`aY Í:JË*ârYA}CgatrrtYA`u1n?c|mEzn?}|}|YAzgaYAmËﬀ`andX3X3Yg{`xfYUxfYAdmk_%1­vn?cW`X3nd}Cgamknd}W`zn?X:X3YA}?g
bdX3_rtn?maYAmUzYgagaYyX3u|r¡bp}Cg{bgatnd} bL?YAz¹Ñ
Ò
Ë*ErYA}?gkrtrtYA`A­
2~Ø
H
Ö
43

¤
qsif`jgkVX3YA`xft`wgamkt|c|_A`AªE] _A`aYAbdcfe.ndufgktÐCc|YH`ª65G`auWbdzY)rt|mkYﬀx%ﬁ t}?gkYm{zn?}|}|Yeftnd}W`
ndufÊ
gktÐCc|YH`ª
Â
ufga¡zbdrUSm{bp}W`au1nC`wYﬃ¯°}CgaYm{zn?}|}|YHz¸gatnd}±qsif`jgkYX«ª%xfY«+macW oj}®ª%¯j`wn?X3ndmku|T|¡`wX3YA`xfYdm{bpu|T|YH`ª
Ú\m{bpuWT|YA`+ndmktY}Cga_H`­
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# 
$

(# ﬀ$8(
%bp}si mkYA`ac|rgk`#Yeft`wgﬃt}ÀgaTWYrgaYAmkbpgac|mkYÌxfYH`azmat|t}|gkYAz{T|}|n?rn?d¡zbdrvbp}Wx gkT|Yn?maYga¡zbdrhbdxfbd}WzYH`)t}
n?ufga¡zbdrh}|Ygj¥%n?maÁgan?u1n?rn?dtYA`ﬀbd}WxÀxfYH`wtd}®­'&vn¥+Y?YmHªUbd}ÀYA`k`wYA}Cga¡bprhY('n?mwgﬃTWbd`ﬃidYg)gan 1Y6xfnd}|Y
t} rt}|Ást}|.gaT|nC`wY mkYA`ac|rgk`:gknddYgaT|YAmA­À¯°} gkT|¡`#uWbpuYmHª+¥%Y u|mkndun?`aY b.`jgkYu } gkT|¡`)xftmaYHz¸gatnd}ª%si
?st}|ndu|gatX3bdrhn?ufga¡zbdrvrtbLi?ndcfg{`#np¦¹`aYdYAmkbdrhxfYÌ+mkc| oj}fÊ¼rttÁdY«gan?u1n?rn?dtYA`Aª%c1`wt}|¤Yes¡`wgat}|ndufgktzAbpr
gkYAz{T|}WndrtnddtYA`AªE}WbdX:YAri.gkT|Y
Â
ufga¡zbdr Sm{bp}W`aun?`aYﬀ¯°}CgaYAmkznd}|}|YHz¸gk}|qsif`wgaYX)(
Â
SU¯wq+*:bpm{z{T|gaYAzgac|mkYdª
¦ÄmkndX gkT|Y
Â
ufgknCYArYHz¸gkman?}|tz¹Ç%ndX3u|c|gat}|)Ú\man?c|uﬀnd¦gaTWYÅ\ÇUqfÈ-, .|ª/102¼­*SUT|YA`aYymaYH`wcWr©g{`+bdmaY\nd|gkbpt}|YHx
c1`wt}|)?mkbdu|T«gaT|YAndmkYgktzAbpruWman?u1YAmwgkYH` gaT1bgP¥+Yu|mkndY¹t} gkT|t`PuWbdu1YAmA­P¯°} ¦JbdzgAªndc|mPndufgktzAbprr¡bLidn?cfgk`
bdmaY\uWbdmwgktzc|rtbdmvzb?`wYH`%nd¦X3ndmkYydYA}|Ym{bprdm{bpuWTﬃ¡`wn?X3ndmku|T|¡`wX#`%gaTWbpgv¥%Y¹xfYAdYArn?uﬃT|YAmaY?­
Â
c|mX3npgatbgkn?}`jgkYX#`®¦ÄmkndX gaTWYG¦Jbdzg®gaT1bggT1bd`®YYA}
`aT|n¥ }\gaTWbpggaTWY8|mkYAbdÁ?Ê Y?Y}\rt}|Y%rYA}|pgkT
¥ TWYmkY\n?ufga¡zbdr®zn?X:Xc|}|¡zbpgatnd}«rt}|YH`U1YHzndX3Y¹X3ndmkYyY'YAzgatdYygaT1bp}gaT|YAmhYrtYAz¸gkma¡zbdr®zn?c|}CgaYmkuWbdmwg{`
¡`*rtYA`k`gaTWbd}ﬃZHzX«ªpt}gkYmkX#`*np¦`auYYAx:bp}1x
un¥%YAmEznd}1`wc|X3ufgkn?}3,tZ4.2¼­SUT|YmkY¦Än?maY?ªgaTWY+c1`wYUnp¦ndufgktzAbpr
t}CgaYAmkznd}|}|YHz¸gkn?}W`End}|Ê¼n?bdmkx:¡`8}|n¥UbdxWbLis`ojc1`jgk©£WYHxâªfbp}Wx#`andX3Yh`wgac1xfYH`8YAdYA})`wc|?dYH`jgGgkTWbg+nd}fÊ°z{T|tu
n?ufga¡zbdrpt}?gkYm{zn?}|}|YAzgk`â¥ trtrC`ansnd}y1Y%zn?`wgwÊ Y'YAzgatdY5, d2¼­6% ndmkYndYAmAªgaT|Y%YX3YmkdYA}WzYEnd¦fzcfgwgk}WpÊ YAxf?Y
gkYAz{T|}WndrtnddtYA`hbd`87EYAmwgktzAbprEÇ+bLCgji qsc|ma¦JbdzYÊ 5GX:gwgk}W  b?`wYAmk`9(:7PÇUq 5  `;*<,Z=0fªk|Z2 ªWTW?T`wYA}W`wt|trgji
n?ufga¡zbdrCgam{bp}W`aX3uYAx|bd}WzY%maYHzYA?Ym{`>,?0=2 ªp1YHbpX `au|rt©gagaYm{`@,ZsªAZA2 ªLX3tzmandÊ¼rtY}W`aYA`", /1.2 ªpbp}Wx
T|ndrtnd?mkbdX#`
,èA2 ªfX#bpÁ?YA`Uun?`k`wt|rtYPgkT|Yy¦JbpWma¡zbpgatnd}ﬀnd¦*zndX3u|rtYeﬀn?ufga¡zbdr®zn?X:Xc|}|¡zbpgatnd}}|Ygj¥+ndmkÁf`­
SUT|Y
Â
SU¯wq¢bdmkz{TW©gkYAz¸gkc|mkY#t`b `wtX3u|rYﬃ`azAbpr¡bp|rtY3X:YHbp}W`
np¦UX3u|rtYX3YA}?gk}WdYAmai6xfY}W`aY#nd}WYÊ¼ganpÊ
n?}|Yﬀt}CgaYAmkznd}|}|YHz¸gkn?}W`
Ygj¥+YYA}¤u|mknfzYA`k`andm{`t} b ¦ÄmkYY`wu1bdzYﬃnp¦hn?ufga¡zbdr%t}CgaYAmkznd}|}|YHz¸gkn?}W`­6¯°} b
}scfg{`wTWYrtrªsg+zn?}W`at`wgk`8np¦®gj¥+nrtY}W`arYg+bdmam{bLif`Gbprtrn¥ t}|b
rtbdma?Yv}sc|X
Ym+np¦®n?ufga¡zbdrWt}?gkYm{zn?}|}|YAzgatnd}W`
¦ÄmkndX b`aYg
nd¦+gkmkbd}W`aX:gwgkYm{`ygan¢b`wYg
np¦ mkYAzYtdYm{`A­ﬃSUT|Y
Â
SU¯wq.bdmkz{TW©gkYAz¸gkc|mkY#t`
cW`wYHx.sigaTWYﬃÊ
È
Â
ufgan 5ErtYAz¸gkman?}|¡z)qCgkb?z{ÁdYAx6lEmknfzYA`k`andm{`¹znd}1`wn?mwgkc|X ganÌznd}|}|YHz¸g
b.ZA.Ê CiCÊ{Z4.`w¥ gkz{TB(Ù|n?mX3ndmkY
x|Ygkbdr¡`Aª|`wYAY\TCgagauDCFE1Ep`wn?rgan?}®­ c1z`kxâ­ YHxfcGEpdxfnsYA`auGEu|c||rttz=E*­
¯ g:TWbd`
1YAY}`aT|n¥ }t}B, 1H2%gaTWbpggaT|Y
Â
SU¯wqbpm{z{T|gaYHz¸gacWmaY)zAbp}YﬀcW`aYAx.gkn|c|tr¡x¤bprtr©Ê ndu|ga¡zbpr
zndX3u|rtYgkY)}|Ygj¥+ndmkÁf`ªWbd`aYAx.n?}¤b `wisX3X3Ygkma¡z)zn?X3u|rYgaYﬀx|?mkbdu|T¥ ©gkTrnsn?uW`I(KJML
N
*¸­SUT|Y
Â
SU¯wq
bdmkz{TW©gkYAz¸gkc|mkY:bd}Wx6maYHzY}Cgu|mknd?maYH`a`PX#bdxfY#t}.ndufgknsYrtYgamknd}WtzA`, /H28bprtrtn¥ gaTWY)rtbLi?ndcfgynp¦ bO.H«u|mknpÊ
zYA`k`wn?mk`
zndX3u|rtYgkYﬀxftdm{bpu|TªYHbdz{Tu|mknfzYH`a`andm¹TWbLst}|P.1H gam{bp}W`kzYA?Ym{`(JzndmkmaYH`wund}Wx|}|«gkngkT|Y3.1H
bdmkzA`:np¦ynd}|Y«dYAmwgkYe*¸­ ¯ g)TWb?`#bpr¡`wn6YY}À`aT|n¥ }±}Q,tZRH2vTWn¥'gan.mkYAbdrt§YﬃgaT|Y`at}|drtYÊ T|ndu±X
cWr©gk©Ê
Â
l%q l
Â
l8q«}WYgj¥+ndmkÁS,tZ4T2¼ªbp}Wx«gkT|Y
Xc|rgaÊ¼T|n?uX
cWr©gk©Ê
Â
l8q `wgkb?z{Á?ÊVU¹bpc|ga§¹}|Ygj¥%n?maÁS,ZH2¥ gaTÌgaT|Y
Â
SU¯wq¢bpm{z{T|gaYHz¸gacWmaY?­&hn¥%YAdYAmAªgkT|YA`aY3rtbLi?ndcfg{`¹`azAbprtYWb?xfrtidª`at}WzY3gkT|YimkYAÐCc|tmkY3br¡bpmkdY:}sc|X
Ym
nd¦*gam{bp}W`kzYA?Ym{`Uu1YAmhu|mknfzYA`k`andmHªWbd` ¥+Yrtrb?`hb3r¡bpmkdY¹}sc|X1YAmhnp¦En?ufga¡zbdrrtY}W`aYA`A­hÇ%nd}W`aYAÐCc|YA}?gkri?ª1bd}
tX3u1n?mwg{bp}Cg¹maYH`wYHbpm{z{T¢xftmkYAz¸gkn?}¢¡`ygkn«`wgac1xfigkT|Y)`wYgnp¦U}|Ygj¥+ndmkÁ«gan?u1n?rn?dtYA`\¦Än?m¹¥ T|tz{T¢gaTWYmkY)bpmkY
YRW)ztY}Cg rtbLi?ndcfg{`%¥ gaT«gkT|Y
Â
SU¯wqbpm{z{T|©gkYAzgac|mkYd­
¯°}ndc|mU¥+ndmkÁª?¥+Y\¦ÄnszcW`+nd}xfY¹%mkc| oj}fÊ rtÁdYyxftdm{bpu|TW`Aªf`wt}WzYhgkT|Y¹xfY¹%mkc| oj}P,tZ2®¡`Ub
¥+YrtrâÁs}|n¥ }
x|?mkbdu|T.¥ T|tz{TT1bd`YYA}YesgaYA}W`a?Yrti6`wgacWx|YHx.}¤?mkbdu|T6gaT|YAndmkidª¥ ©gkTbpuWu|r¡zbpgatnd}W`}uWbdmkbdrrtYr
bd}Wx3xf¡`jgkmat|cfgkYAx)zndX3u|cfgk}|1­¿ xfYh+macW oj})xftdm{bpuWT3ﬀ1a«t`%bp}#bprtu|TWbd1Yg%xftdm{bpu|T3nd¦âznd}W`wgkbd}Cg
x|YdmkYYbp}Wx xf¡bpX3YgkYm# T1bLCt}|¢¦Ändm3dYAmwgktzYA`
gaT|Y YX ¥+ndm{x|`np¦PrtY}WpgaT± n?}¤gkT|Y bprtu|TWbpYg
Z"[3\^]A_WR`d4aRa4a¸abc`d?ª`wc1z{T.gaTWbpgb«dYAmwgkYeSef\-e
Xhgji
aRaRake
i
el?ª6eGm<noZ>[dª*t`bdxLowb?zY}Cg¹gkn gaT|Y
`aYgnp¦ dYAmwgktzYA`prq+se®\^]Ae
Xhgt
aRa4aue
i
el4vG<vwnoZ"[dx,ZR2¼­O% bd}Ci6mkYA`ac|r©g{`¹Yef¡`jgnd}mkndcfgk}|y,tZA2¼ª
WmanCbdx|zAbd`wgat}|z,?/p2¼ªG?n?`k`wtu|t}|{, 2 bd}Wx YX
YAxWxf}W{, 2vn?}¤gkT|t`#x|?mkbdu|T b?`3¥%YArr bd`3n?}uWbdmkbdrrtYr
bdr?ndmk©gkT|X#`U¦ÄndmP©g|,Z=/fªk1T2 ­ Ù|c|magaTWYmkX:n?maY?ªWgPTWb?`vYYA}cW`aYAxganﬃ|c|trtxLbdmatndc1` X
c|rgaÊ°`jg{bpdY
}CgaYAmwÊ
znd}|}WYAz¸gkn?})}|Ygj¥%n?maÁf`GrttÁdYP+cfgagaYAmk}WiO, 1T2¼ªfqsTscY~#Y}WYg, /CA2âbp}WxﬃÚ5"%  58S,?/?=2bd}Wx)bpr¡`angan|c|trtx
ôô * 5
!/
H     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
¦ÄcWrrti`kzbdrtbd|rtY¹}|Ygj¥+ndmkÁf`Unp¦Gbp}siﬃ`at§Y,?/1/=2bp}Wx«?Ymki)rtbdma?Y¹|cW`h}|Ygj¥+ndmkÁf` , /2¼­5%«ndmkY¹t}?gkYmkYA`wgat}|drtidª
gkT|YvÚybprtrtYny`auWbdzY8u|mkndYUnp¦|gkT|Y h¿Pq|¿ cW`wYH`*bPxfY +mkc| oj}}|Ygj¥+ndmkÁ\ganytX:uWrYAX:YA}CgEb\`a?}WbprfxfYHznfxfYm
,tZdZR2¼­
ÙWman?X b«gkT|Yn?maYga¡zbdrGu1n?}Cg
nd¦vsYA¥¹ª¥+Yﬀ`aT|n¥t}gkT|t`
uWbpuYm
gaTWbpg
gkT|YmkYﬀbpmkY#X#bp}siÌ¥UbLif`ygan
Wc|r¡x xftdm{bpu|T1` t`andX3n?mau|TWtz\gkn#gaT|YxfY
+macW oj}®­ ÙWndm gkT|t`Aª¥%Y
`wgkbdmwgh`aT|n¥ t}|WªW}ÌlGman?u1nC`wgatnd} |­?/fª
gkTWbghgaT|Y:bprtu|TWbpYgyxftdm{bpu|T 1a«kªWc|rgPc1`wt}|ﬀb#uYmkX
c|gkbgkn?}nd}SZ"[
bd}WxgaT|Y:bdxLowb?zYA}Wzi
mkYr¡bgkn?}p
q 

[
X
Ke®r\w]EKe
Xhgt
aRaRaﬀEse
i
ﬁEsel?ﬁEsvEkhv nPZ>[d?ªCt`%¡`wn?X:n?mauWT|tz ganﬀ1a«k­G¿h`
b zndmkndrtrtbdmai?ªâ©g¹¦Än?rrtn¥v`\gaTWY)t`andX3n?mau|TWt`aX Ygj¥+YY}6gkT|Y)xfYﬀ+mkc| oj}xftdm{bpuWT6bd}Wx¢gaT|Y)¯°X#b?`wY#bp}1x
¯ gkndT)xftdm{bpuWTO, /1T2 ªCbx|?mkbdu|T3t`k`wcWYAx3¦ÄmkndXgaT|YPX3}|tX
cWXÊ°xf¡bpX3YgkYm%X3bpefXc|X:Ê `a§AYvu|mknd|rtYX bp}1x
¥ TWtz{T¢t`ycW`acWbdrrti`abdtxgan«Y3b?Y}|YAmkbdrt§Abpgatnd} np¦%gaT|YU¹bdcfga§3xftdm{bpu|T , /d2 ­
SUT|Y}ª®¥%Y#`aT|n¥¹ªât}
lGman?u1nC`wgatnd}.|­ |ªgaTWbpg¹gaT|YAmaY#¡`bu1YAmaXcfgkbpgatnd}ﬃﬂnd} Z
X
¥ T|tz{TxfY£W}|YH`bp}bprtu|TWbd1Yg
xftdm{bpu|T®ª
¡`andX3ndmku|T|¡z%gan
ﬀ1a«kª?¦®bp}Wx3n?}|ri©¦ﬂﬀt`%zifzrt¡zp­*vnpgktzY gaT1bgGgkT|YvuYmkX
cfg{bgatnd} «¡`8bpuWu|rtYAx:n?}
gkT|YbdruWTWbpYgPbd}Wx!ﬂ¢¡`Pbdu|u|rtYHx«nd} gkT|Y
¥+ndm{x}Wx|tzYA`|(J`aYYqsYHz¸gkn?}Ì|­?/1*­vÙt}Wbdrrtidª¥+Y
`wTWn¥ gkTWbg
gkT|Y¹uYmkX
cfg{bgatnd}1`6bd}WxﬂX#bLiﬃ1Ybdu|u|rtYHxﬀgknd?YgaTWYmHª|¥ T|¡z{T«z{T1bpm{bdz¸gkYmk§AYA`+b#zr¡bd`k`Unp¦Exftdm{bpu|TW`
¥ TWtz{T«bpmkYyt`andX3ndmku|T|¡zhgan3gaTWYxfY¹%mkc| oj}®­
¿P`ﬀbp}Àbdu|u|rttzAbgatnd} nd¦\gkT|YA`aY mkYA`ac|r©g{`ªU¥+Y maYHzbdrr gkTWbgﬃ©gﬀT1bd`#YYA}Àu|man?YAxgaTWbpg)gaTWY¯°X#bd`aY
bd}Wx ¯ gandT±xftdm{bpu|T®ª#"$"1wË*kª%¥ gaT±Ë }Wnsx|YA`3np¦yxfY?maYAYﬃ1ª+zAbp}±1Y«tX3u|rYAX3Y}CgaYHxsigkT|Y
Â
SU¯wq
bdmkz{TW©gkYAz¸gkc|mkY,Z4H2 ­
Â
cWmvmaYH`wcWr©ghn?}«gaT|Yt`andX3n?mau|TWt`aX nd¦%"&"1wË*+bd}Wx )¼Wk«%istYr¡x|` gkTWbg
Â
SU¯wq
zAbp}6bpr¡`wnX3u|rtYX3YA}?g¹gkT|Y#xfY#+mac| oj}®­3Åv}f¦Än?mwgkc|}WbpgaYrtidª®¦Ändm¹bﬃ£|efYAx6xfY?maYAY1ª`acWz{T¢br¡bLidndc|gPcW`aYA`
Í:Ë*rtY}1`wYH`Ggkn
t}?gkYm{zn?}|}|YAzg8Ë u|mknfzYA`k`andm{`ªp¥ TWtz{T)¡`%}|npg+dYmki:YW)ztY}CgA­
Â
c|mU`ac|W`aYAÐCc|Y}Cg+maYH`wc|rgk`
TWYrtucW`hganﬃ`aT|n¥ T|n¥
Â
SU¯wq zAbp}tX3u|rYAX3Y}CghgkT|YxfY3+macW oj}¥ gaTÌnd}|rtiÌÑ
Ò
Ë*%rtY}W`aYA`Aª¥ T|tz{TÌt`
}Wnpg nd}|rti)n?ufgatX#bpr¼ª||cfghbdrt`an3dYmki#YW)zYA}?g ¦Än?m u|m{bdz¸gktzAbprbprtc|YA`Aª|bd`Ugv¥ trr®Yxf¡`azcW`k`wYHxﬀr¡bgkYmH­
SUT|¡`Gu1bpuYm8¡`Gn?maCbp}|t§YHxb?`E¦Än?rrtn¥v`­¯°}ﬀqsYAzgatnd}I/|ª?¥+YvdtdYUgkT|Yv?mkbdu|T:gaT|YAndmkYga¡zbdr|X#bdz{T|t}|YAmai
¥ TWtz{T)¥+Yh¥ trtr}WYYAxﬀ})gaT|YP¦Ändrtrn¥ t}|1­¯°}ﬃuWbpmaga¡zc|r¡bpmHªC¥%YPmaYAX:t}Wx3gkT|YyxfY£W}W©gkn?}ﬀnp¦âgkT|YyxfY\+mkc| oj}
x|?mkbdu|Tbp}Wx©g{`P?Y}|YAmkbdrt§Abpgatnd}®ªWgaT|Y:] YAxWxfiCÊ ]vbddTWbLbd}fÊUycWT|rxftdm{bpu|Ty,?/p2¼­PÎ¢Y3bpr¡`an)maYHzbdrrgaT|Y
x|Y£W}|gatnd}:np¦WgaT|YU¯°X#bd`aY+bd}Wx¯ gandT:xftdm{bpu|T®ªÁs}|n¥ }
gan\1Y b U¹bpcfgk§+x|?mkbdu|T
?Y}|YAmkbdrt§Abpgatnd}®­SUTWY}®ª
t}qsYHz¸gatnd}¤Wª¥+Yﬀ`aT|n¥gaTWbpggaT|YAmaYﬃbpmkY#X3bd}si¢¡`wn?X3ndmku|T|¡`wX#`ynp¦UgkT|YﬀxfY%mkc| oj}¤xftdm{bpu|T®ªcW`a}|
£1mk`wgvb
uYmkX
cfg{bgkn?}'6nd}ﬃgaT|Y¹bdru|T1bpYg Z>[¹bd}WxﬀgaT|YA}«b:uYmkX
cfg{bgkn?}(ﬂ n?}ﬀgkT|Y¹t}Wxf¡zYA` Z
X
­EÎ¢Y
TWY}WzY:n?fgkbd}.*)¼ bB`dﬀ)`acWz{T6t`andX3n?mau|TWtz:xftdm{bpu|TW`A­3SUT|Y#bpu|u|rt¡zbgkn?}gkn ndufgktzAbpr*}|Ygj¥+ndmkÁf`\t`
??Y} t}ÌqsYAzgatnd} H1ª1¥ TWYmkY¥%Y
u|maYH`wYA}Cg
Â
SU¯wqrtbLi?ndcfg{`vnd¦Ex|Y+macW oj}fÊ rtÁ?Y
xftdm{bpu|TW`hbp}Wx ¥+Y
`aT|n¥
TWn¥ gkn)ndfg{bpt} `wcWz{T r¡bLidn?cfgk`U¥ TWtz{T X3t}|X3t§Y
gaT|Y}sc|X1YAmhnd¦rtY}W`aYA`hcW`aYAxâ­UÎ6Y
zrtn?`aYygaT|Y
uWbpuYm
¥ gaT `andX3Y¹zn?}WzrtcWxft}|3maYAX#bpmkÁs`Ubd}Wxﬃx|mkYAzgatnd}W`+¦Än?mU¦Äc|mwgkT|Ym mkYA`aYAbdmkz{T­
+ ,
v,A Aﬀ
 
-.0/ 1325476498:2<;>=
¿P`:cW`wc1bprtri?ªhZ
N
¥ trr xfYA}|npgkYﬀgkT|Ymat}|Ìnd¦ht}?gkY?Ym{`
X3nfxfc|rtnÌËE­ Z
N
\ ]=_|R`?@?|RaRa4a{wË bQ`d?­ Z>A
N
¥ trtr*x|Y}|ndgaYA`hgaTWY BÌxfX3YA}W`wtnd}1bprdYAzgan?m\`auWbdzY
n?}MZ
N
bd}Wx!C=ldﬀC
i
4aRaRaﬀC
N
gji
gaTWY:zAbp}|n?}|tzAbprWbd`aYd­
¿ xWxf©gkn?}«np¦YArYAX3Y}Cgk` nd¦ Z
N
¥ trr®bdr¥UbLif`+1Y¹uYma¦ÄndmkX3YAxﬃ}PZ
N
(Ä¼­ Y¹X3nfxfc|rtn#Ë *¸­
ÙWndm*bvuYmkX
cfg{bgatnd}ﬂ3bp}Wxbd}t}?gkY?YmD{ª¥+Y%xfY£W}|Yﬂ
m
t}WxfcWzgatdYAriysiygkbdÁCt}|>ﬂ
l
bd`gaT|Y+¡xfY}Cgagji
uYmkX
c|gkbgkn?}bd}WxEﬂ
m
q i \Fﬂ GHﬂ
m
­
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# 0
SUT|Y¹}WYesgvu1YAmaXcfgkbpgatnd}¥ rtr®Y¹cW`aYAxﬀ¦ÄmaYHÐ?cWY}CgartiC
 Ô º¬ Ø º	
 )O Eµ¬¾¬¾ $)¶ ) ¶K )6½ 1¾ )R )RW¶  )³
 .f¶ ²p¶µsc Z
N
4)> );±´¸·EI\
Ë bﬂb `   	 . 	 .W²p¾¬¾è·E  Eµ¬¾¬¾*´+):²¾?	R34)RG¶ ) % 
-. - :65= =&8ﬁﬀ
6ﬂﬃF8! #"96%$'&>=
Ú\tdYA})b¹xftdm{bpu|T)(w\ +*G-,3aªfbp}1xeOn.* ¥%Y ¥ trrxfYA}|npgkY8p
q/
Ke®gaT|Yh`aYg%np¦gaT|YPndcfgaÊ¼}WYtdTs1n?mk`*nd¦
eª|¼­ Y?­ ]10ﬂn2*8se!0"n,d?­EÎÀTWY}gaT|Yx|?mkbdu|T(~¡` zrtYAbpmU¦ÄmkndX'gaT|Yznd}CgaYeCg ¥+Y¹`wtX3u|rixfY}WnpgaY
prq+sea­
 Ô º¬ Ø º	35476!8:9  )\xfY
+mkc| oj} µd³a²E)¼Wk«059$)!d³*) )\²G µJ² )¶ )³h µ	4)> );
²	«² pµp³k² Ï¶K ) 	)¶!<; )³¸¶µJ½ )	 #²1$)P  "p³=	 ¾ )Rxd¶s6  Z [ :²GS	 .W½
 ¶sf²¶=p³
e3\Be
X@gji
e
Xhgtﬂ>?>1>
e
i
e l Dpﬃq+Ke®r\w]4e
XhgGtﬂ>1>?>
e
i
e l v8kvyn Z [ d  
 Ô º¬ Ø º	A@B9  )½?C .Y½¶¼µs)(
iED
(
t
!h¶! "µd³a²1	F(
i
\ G*
i
-,
i
P²GH(
t
\ G*
t
-,
t

µ	¶K )pµp³a²
  Eµ¬¶K:; )³¸¶ )-IKJ	)¶ﬂ*
iHL
*
t
U²G3 r )³*)¶K )³*)µ	²²³a½M{³ 
i
!
t
y¶V)N
i
ﬁN
t
yµ 
²G3W¾©·#µ ¹¶s )³+)µ	´;¶K«²6²³k½={³O
i
¶VHN
i
µ :(
i
²Gﬃ²6²p³a½P{³Q
t
¶RN
t
µ (
t
 
¿hr©gkYmk}Wbgk?Yrti)¥+Y\T1bLdY p
q/SﬁTE/U
w
i
!
t
w \ p
q/S

i

L
p
q/VU

t
a­
ﬃÔ
.fXWYE[Z
)1@B
D
)¼K\¼ BO\")¼?\¼@Bﬁ]P )½{²c	() )
4A^
`_`a
8
³Mp³*)y4)¶°²µ¬¾?	²?´; .f¶
½?C .Y½¶¼µs¢²G 4)b ³ .fµ C
 µd³a²1	:²G#¾©µ  )|µd³a²1	  
hnpgktzY
gkTWbg\gaT|Y3zn?}ojc|}Wzgatnd}¢t`ybpr¡`anﬃzbdrrtYAxCi`andX3Y:bpcfgkT|ndm{`dc³ ){½# )³ U³4 .W½¶¼ªâbd`\gyzndmkmaYÊ
`aund}Wxﬀgan3gkT|Y<Uyman?}|YAz{Á?Ym%u|manfxfc1z¸gvnp¦gaT|Yb?xLowbdzY}Wzi)X#bgkma¡zYH`­
 Ô
º¬
Ø
º	3e54
af
8g9
 )ﬀ] YAxWxfiCÊ ]vbddTWbLbd}fÊUycWT|r9µd³a²Hhh J1wË*ﬀ| $)!d³*) ) c Eµ¬¶KÌË
4$)
	  µ	
¶K )ﬂpµp³k²S Eµ¬¶s2; )³¸¶ )-I 	()¶hZ
N
²I	 .W½¶Ks²¶Ep³'yn Z
NEi
prq+@\']HK)jlk8_:m
kon±d  
ﬃÔ
.fXWYEqpr9
 ) µd³a²1	:hh J¤¼Wk
X
²Ìﬀ1a«²³*)¢µ	R³?µJ½Ys!	() )
4
af
8Gt
 
9
 	) )
µ¬¶ ﬂ !)²=		RH½µJ²p¶ ).¶V±²u; )³¸¶ )-I e \ e
Xhgji
e
Xhgtﬂ>?>1>
e
i
e
l
!ﬀﬀ1a«¢² /.Y)´+)³v n Z
N
 Eµ¬¶s
B\rw
X@gji
mAxjl
e
m

m
]¶K )R±¶s )O .f¶GJV )µ|´p³	 9e µ .ﬀ1a«ﬀ²p³*) ²=		RA½µJ²¶ )¢¶S/.Y)´+)³	I!ﬀ¶K )
p³
KHjk%_ymYkon±   9p¶ )
²¾?	R3¶Ks²p¶G¶sCµ	¹½xd³ ./)1¶"4)>Wµ¬¶¼µsÌµ	 	R	)¶¼µ 	)
	½+	¸µs$)³*))²	
¶K )<	¸¶ ²G?²³3 )P³
¶s )94)Hbv³ .fµ C
Mpµp³a²
7 
 Ô
º¬
Ø
º	3z54
a_
8{9
 )U¹bpcfgk§Mpµp³a²
$ J¤1a 09 4)p³+)+):À² µJ²	)¶ )³ µ	 4)> );
²	ﬀ²Spµp³a²
z ¶s )I	)¶; )³¸¶¼µJ½ )
	#²1$) ! "³;=	3)¾ ) p¶K   ¶s )²p¾ f²?´+)¶8Z"[
q i
@e \
e
Xhgji
>?>?>
e
i
el > Eµ¬¶sem n Z>[
q6i
²<eGm}|\feGm
q i
 "pﬃq+Ke®r\w]4e
XhgGt
>1>?>
e
i
eGlRv8kv~|\feGldv n Z"[
q i
d7 
 Ô
º¬
Ø
º	A4
a
8<9
 )P¯°X#bd`aY¹bp}Wxﬃ¯ gan?T µd³a²
"$"1wË*ﬀ@<$)p³*) )PP Eµ¬¶K3Ë{4$)
	 8µ	¹¶K )
pµp³k²O Eµ¬¶K<; )³¸¶ )-I	()¶ Z
N
²G	 .W½ﬃ¶Ks²p¶p³} n Z
N
i
pﬃq+ﬃ\w]ﬀbvKbk%R`Hmlkom +d7 
¯ gvTWb?`U1YAY} `aT|n¥ }ﬃt} , /|Z2âgkTWbg"&"1¼Wk XhgDi¼djB`paGt`U¡`wn?X3ndmku|T|¡zhgknJ¤1a a­
ôô * 5
!/
.     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
  
,{( *ﬀ¹(' ﬃ¸(
"	
. /	 
 
,	ﬃ
Ì+(
¯°}ÌgaT|¡`¹`aYAz¸gkn?}Ì¥+Y:x|Y£W}|Y3?Y}|YAmkbdrt§Abpgatnd}W`hnp¦+x|Y:+mkc| oj}.xftdm{bpu|T­¹¯°}¢n?mkxfYAmhgknﬃn?fgkbd}ÌgaT|Y3n?cfgwÊ
}WYtdTs1n?mk`+nd¦*b:dYAmwgkYe)r¡bpYrtYAxsiﬀ`andX3Yy¥%n?mkxﬀnp¦*rYA}|pgkT«ÃndYAm Z>[y¥+Yyu|manfzYYAx|Yyb?`+¦Ändrtrn¥v`4C
Ê#}1`jgkYAbdxÌnp¦GuYma¦ÄndmkX3}|b)rtY¦¬gaÊ `aT|¦¬g\n?}gaTWY¥+ndm{x«rYgwgkYm{`h¥+Y
uYmkX
cfgkY
gkT|Y:rYgwgaYAmPun?`agatnd}W`
} `andX3Y¹bpmk|gam{bpmki#¥+bLi
Ê3gaT|YA})YAb?z{T3rYgwgaYAm8¡`GmkYu|r¡bdzYAx:si:bd}|npgkT|Ym8nd}|Yvb?zzn?mkx|}|ygkn`wn?X3Y £|efYAx3uYmkX
cfg{bgkn?}#np¦gaT|Y
bprtu|TWbd1Yg Z>[
Ê3£W}Wbdrrti)gkT|Y¹rYgwgkYm np¦Eb:dtdYA}ﬀ£|efYHxﬀun?`a©gkn?}ﬃ¡` mkYu|r¡bdzYAxﬃsiﬀbp}«bpmk|gam{bpmki#rYgwgaYAm np¦"Z [ ­
.0/ ﬀE"ﬂﬁﬃ476498:2<; 2<; 4 &  6%!$'& 6"!# 4
Î6Y¹`jg{bpmag+si)znd}W`atx|Ymk}|nd}|rti3gaTWYyzAbd`aYPnd¦bu1YAmaXcfgkbpgatnd}nd})gkT|Y¹bprtu|TWbd1YgA­*Î¢Yy¥ trr®`aT|n¥ÀgkTWbg
gkT|YmkY#¡`
bp}¡`andX3ndmku|T|¡`wX/1Ygj¥%YAY})¼Wk«\bd}Wxxftdm{bpu|T1`ygaTWbpg
¥+Y)zbprtr%

1a aª*­ Yd­tª*¥ T|¡z{T
bdmaY3`aX3trtbdmygan )¼Wk«hc|u6gan buYmkX
cfg{bgatnd}6nd}6gkT|Y)bprtu|TWbd1Yg9Z
[
­)SUTWY}.¥%Y3¥ trr8u|man?Y
gkTWbg
"&"1aYXP%bp}1x)¼Wk«+bdmaY¹¡`wn?X3ndmku|T|¡zpªW¥ TWtz{T®ªbdzAzn?mkxft}|:ganﬀgaT|Y] YX#bpmkÁO/f­ .3¥ rtrtX3u|rtiﬃgkTWbg
"&"1aYXPak)1a aﬁhh J¤¼Wk Xh8bdmaYy¡`wn?X3ndmku|T|¡zp­
 Ô
º¬
Ø
º5@E
%$
µ3; ))²" )³
 .f¶ ²p¶µs>S!rZ
[
f

1a«Eµ	@$)" )y²=	G¶K )5µd³a²
3¶K )"	()¶D!
; )³¸¶µJ½ )	 3²ﬀ4)!  "p³=	 !v¾ )Rxd¶K¹ IZ
[
ﬃ	 .W½
3¶sf²¶ p³ ){²d½); )³¸¶ )ﬁI e \ e
XhgDi
e
XhgGt#>?>?>
e
i
e
l

e
m
n Z
[
Dp
q
Ke®r\w]EKe
Xhgt

>1>?>
EKe
l
KvG v nOZ
[
d  
&

Ø('GØ
1¬
Ø
º~@E3
ﬀ1a«²

1a«²³*)
µ	R³?µJ½  
&

Ø®Ø()

Î¢Y
ojcW`wg:TWbL?Y#gan6xfY£1}|Yﬃbd}¤t`andX3n?mau|TWt`aX+* ¦ÄmkndX 

1a«\gan6)1a ,-* t`
gaT|Y
¦Än?rrtn¥ t}|n?}|Y\gan#n?}|YyX3bdu|u|t}|:¦Äman?X gaTWY¹¥%n?mkx|`Und¦rtY}|dgaT Ãnd}gaT|YbdruWTWbpYg Z
[
nd}Cgan3gk`aYr¦uC
*ÉKe
XhgDi
e
XhgGt
aRaRake
i
e
l
ﬃ\ 
l
se
X@gji
 
i
se
X@gGt
aRa4a0
Xhgt
se
i
ﬁ
Xhgji
se
l

Ú\tdYA}«b:?YmagaYeﬂe \ e
Xhgji
e
Xhgt#>?>1>
e
l
np¦

1a 8¥%YyTWbL?Y1C
* gji
p
q


[
X5
*Ése \ * gjip
q


[
X5

l
se
X@gji
 6iLKe
Xhgt

>?>?>
6XhgGt?se
i
ﬁ6XhgjipseGla
\ * gjiL 6iLKe
Xhgt
a4aRaﬀ6XhgGt?se
i
ﬁ6Xhgjise
l
KvGav¥ gaT v nPZ
[
\ Ese
X@gGt
aRa4a0Ese
l
ﬁEsvEkv¥ gaT v n Z
[
\ Ese
X@gGt
aRa4a0Ese
l
+k8 ¥ gaT.kznOZ
[
a
¿P`\gaT|Y:rtb?`jgyrt}|Y#zndmkmaYH`wund}WxW` gangkT|Y:b?xLowbdzY}Wzi maYArtbpgatnd}t}.>¼Wk« ¥%Y:TWbLdY:xfY£1}|YAxÌgaT|Y
mkYAÐCc|tmkYAx)¡`andX3ndmku|T|¡`wX«­
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# 
hnpga¡zYhgaTWbpg8X3ndmkYvdYA}|Ym{bprtrtidªgkT|YPxftdm{bpuWT#np¦®xfY?maYAYvWªsxf¡bpX3YgkYm+'bp}Wx3Ë \  X}|nfxfYH`ªs`wc1z{T
gkTWbgprq+se
X@gji
e
Xhgt
aRa4aue
i
e l 5\ ] l se
XhgGt
 
i
se
Xhg 
a4aRa0
XhgGt
se l ﬁ
XhgDi
GkGkRkcnfZ [ d?ª®¥ TWYmkY
 m ª7DhnPZ
X
ª|¡`vb:u1YAmaXcfgkbpgatnd}nd} Z [ ªft`vt`andX3ndmku|T|¡zhgan))¼Wk«a­
&  Ø('GØ 1¬ Ø º~@EA@B9  )pµp³a²
ﬀ	P)¼Wk«y²G "&"1aYXPy²p³*)µ	Rp³?µJ½  
&  Ø®Ø()   Yg )¼Wk«xfYA}|npgkYh1a aªC¥ T|YmkY ¡`*gkT|Yhzn?X3u|rYAX3Y}Cg8uYmkX
cfg{bgatnd}3n?YmhZ [ ­E¿h`
t}.gaTWYﬃzb?`wY#nd¦v)1a aª ﬃ1a«yzbp}.Yﬃbdr©gkYmk}Wbgk?Yrti¢xfY£W}|YAxb?`
bx|?mkbdu|T.¥ ©gkT¤dYAmwgkYe6`aYg
Z
N
(J`aYYﬃ]vYX#bpmkÁM/|­ .x*y}¥ T|tz{T.¦Än?m cncZ
N
kprq+ \ ]ﬀb¹¼`<j vE"b `d;_m'v n d?ªgkTWbg:t`
prq+ﬃ\Q]xbv`hbHk84` mYk{m±d?ªpSUTWt`t`gaTWY%xfY£W}|gatnd}
nd¦9"$"1aYXPk­*qsn\  1a bd}Wx "&"1¼Wk XP
bdmaY\¡`wn?X:n?mauWT|tzd­EÙ|mkndX'u|mkndun?`agatnd}ﬃW­ /
gkT|YA`aYxftdm{bpu|TW`UbdmaYyT|YA}WzYy¡`wn?X:n?mauWT|tzPgkn3ﬀ1a«k­
+iﬃ]vYX#bpmkÁI/f­ .|ªf¥+Yyndfg{bpt}DC
 Ø  Ø 3 3Jf Õ @V[Z 9  )µd³a²
1	hﬀ1a«ﬀ hh J¤1aYXhy²G "$"1aYXPy²p³*)
µ	p³CµJ½ 
Sn¢trtrcW`wgam{bgkYﬃn?c|m:u|c|mku1nC`wY?ª8Ù?c|maY6Z«`wT|n¥v`
gaTWY«x|?mkbdu|T) ?ffy¥ T|tz{T t`:¡`wn?X3ndmku|T|¡z#gan
hh J¤ ?ff*np¦Ùtdc|mkY</:bp}Wxﬃgan "&"1 ?ffEmaYAu|mkYA`aY}CgaYHxﬀn?}Ùtdc|mkY¹|­
010 101 111000
100 110
011001
Ù?c|maY3ZﬀC*x|Y%mkc| oj}ﬃnd¦*x|YdmkYY/fª|x|tbdX:YgaYAmh3bp}Wx:}|nfxfYA`A­
0 1 3 4 6 752
Ù?c|maY</+CG]v]8U~x|?mkbdu|Tﬃnd¦xfYAdmkYY</fª|x|tbdX:YgaYAmv:bd}Wx3}|nfxfYA`A­
ôô * 5
!/
     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
0 1 2 3 4 5 6 7
Ùtdc|mkYy+CE¯w¯Uxftdm{bpu|Tﬃnp¦ExfY?maYAY /|ªWxf¡bpX3YgkYmv3bp}1xﬃ:}|nfxfYH`­
. - ﬀE"ﬂﬁﬃ476498:2<; 2<; 4 &  80; >8!ﬀ=  8! #"96%$'&>=
	
hn¥ ¥%Yhznd}W`a¡xfYm%X:n?maYhdY}WYm{bprWxftdm{bpuWTW`EgkTWbp})â1a ¦Ändm%¥ T|¡z{T#gaT|YPrY¦¬g+`aT|¦¬g+¡`GmkYu|r¡bdzYAx3si
bd}si)u1YAmaXcfgkbpgatnd}np¦>Z
X
­GÙm{`wgv¥%Yy}|YAYAx`wn?X:Y¹xfY£W}|gatnd}W`A­
 Ô
º¬
Ø
º5@E3e9
 ²9 )³
 .f¶°²¶¼µs ﬂcZ
X
5 !)#²=		RA½µJ²¶ )#¶K ):¾©µ  ){²³|3²

b 
ﬂ <Z
X
[
4)> );
 ¶s )´a²	¸µ	 ´·
b 
ﬂ«ﬁC=mj9\ C

m

s ¶sCµ	ﬃ¾èµ  )k²p³I#²Ïµ	²		H½µJ²¶ );y Eµ¬¶s²3 )³
 .f¶ ²p¶µsf3²p¶³¸µ I
t
 
¶ )¹¶Ks²p¶
b 
ﬂ\
b 
ﬂ
b 
E 
 Ô
º¬
Ø
º5@EAp
 1· )³
 .f¶ ²p¶µs(wPZ"[ Uµ	 )-Id¶ )RG4)3²p¶0.f³k²¾¬¾è·ﬃ¶Z X
[
´·ﬂ	()¶¼¶¼µ x³ eP\
e
Xhgji
e
Xhgt
>1>?>
e
i
eGl
i
Eser\FEse
X@gji
 Ese
XhgGt

>1>?>
EKe
i
 EKeld  
 Ô
º¬
Ø
º5@E3z
)¶Wk nﬀ 6pµ3; )R6²< )³
 .f¶°²¶¼µs(ﬂ  Z
X
%²  )³
 .f¶°²¶¼µs o! Z
[
²ﬀ²
+=	¸µ¬¶¼µsﬂﬁn Z
X
> !)|4)> )¶K )|µd³a²v( \ﬃ ﬂ0E ﬁW´¸·
i
*#G( \ Z
X
[
p
q/
se® \ EﬁﬂKe®a	j{Z
[
a C"!
ﬃ
ﬁﬂﬀE ﬁW f²=	4)d³*) )h.² !)9 Eµ¬¾¬¾D	²·#¶Ks²p¶%µ¬¶hs²	9µ 	)	{µs  
ﬃÔ
.fXWl@Vq
9¶ )\¶Ks²¶ﬂ; )³¸¶µJ½ )	 +)¼Wk«P½{²Ì´+)¹½;+	¸µs4)³*))²	 )¾ )	)1¶s	 5Z
X
[
sj´·:²		H½µ3J
²p¶µ  e
Xhgji
>?>?>
e
i
el)¶V
w
emﬁCAm
t
 

)¶$# ´+)¹¶K )8 )³
 .f¶°²¶¼µsM Z
X
$)" )ﬃ´·#&% D(' b Djf`
)+*-,
E:²GE"s ´+) ¶K )µs4)RW¶¼µ¬¶·  )³
 .f¶°²¶¼µsc{Z>[¤¶s )À¶K )S4)<bv³ .fµ C
 pµp³k²±µ	 )-Is²d½¶¾©·
ﬃ
.#ﬀ"C1_|   
4) ).³ e \ e
Xhgji
e
Xhgt#>?>1>
e
i
e
l
p
q/
10
 2[ l

Ke® \ ]4e
X@gGtﬂ>1>?>
e
i
e
l
Ke
XhgDi
j
3
a
3
n Z
[
d$)¶sf²¶#µ	²¾?	R ]4e
XhgGt#>?>?>
e
i
e
l
vGkv n Z
[
d   1µ :µ¬¾²p³¸¾è·	:

1a«¢²Gﬃ
.#0E;_f
²p³*)
µ	p³CµJ½ 
&

Ø('GØ
1¬
Ø
º~@E54B9
 ) d³a²H(Q\ﬃﬁﬂﬀE ﬁW  Eµ¬¶s4)p³+)+)%«²G|µ 	)R+	¸µs: µ	 µ	p³CµJ½y¶
ﬀ1a«+µ v²91¾è·¹µ ﬂÌµ	v²½·d½¾èµJ½> )³
 .f¶ ²p¶µs "Z
X
  ﬁU¶s )³
 Eµ	()6ﬃ ﬂ0E ﬁW+µ	 ¶*½; )k½¶ );$ 
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# 
&  Ø®Ø()  vndgaY)gkTWbg3`wt}WzY'ﬂ t`:bzifzr¡z#uYmkX
cfg{bgatnd}g3}Wx|cWzYH`
b c|}WtÐCc|Yﬃndmk|©gnd}{Z
X
­Î¢Y
b?`a`anfz¡bgkY)gan ﬂ±gkT|Y«c|}|¡Ð?cWYﬃuYmkX
cfg{bgkn?} .np¦<Z
X
ª8`acWz{T¤gkTWbg  DﬂnwZ
X
 Dk\ ﬂ
m
 ﬁWa­ Ù|mkndX
x|Y£W}|gatnd}«¥+YyTWbLdY
Zd­ gDi ﬂDk6\ gji ﬂ ﬂ
m
5ﬁ|ﬃ\ gji ﬂ
m
q ip ﬁWﬃ\ gji 1 D jB`p6\FD jB`
/f­ gDiL5ﬁ| \ _ (s&hY}WzY
b
gDiL C"!pﬃ\ C l *
 YgﬀcW`ﬀznd}1`w¡xfYm)gaT|YÌx|?mkbdu|T ¡`andX3ndmku|T|¡`wX }Wx|cWzYHx Ci
b 
ﬃ­ Ù|n?mﬂe n Z X
[
ª ¥+Yzn?X3u|cfgaY
b
gjip
q/

b 
ﬃKe®wk­GÙ|mkndX~x|Y£W}|gatnd}#nd¦	( ¥+Y TWbLdY p
q/
se® \ E
b 
ﬂ«sew jOZ>[1a C ! ªpgkTscW`Esi
rt}WYAbpmkgji¥%Y
n?fgkbd}
b
gDip
q/

b 
ﬀKe®a5\ E
b 
gji
b 
ﬂ
b 
sewaVj Z [
b-
gDiH C"!pa­%c|gP¦ÄmkndX `ﬀa
bGb+b 
gji ﬂ \
b 
#/bd}Wx«¦ÄmkndX
?+a
b 
gjiLﬁC ! r\ C=lp­%Ùt}Wbprtrtidª
b 
Igji
p
q/
.1Ke®w"\ E
b 
# sew	jfZ"[a C=lp­U¿v}WxgkT|t`PbdxLowb?zYA}WziﬃmaYArtbpgatnd}t`
gkT|Y#nd}WY:nd¦U  1a v¥ T|tz{T.¡`yt`andX3n?mau|TWtz
ganﬀ1a«k­)Î¢Y#n?X3©g¹gkT|Y#u|mknCnd¦8gkTWbg ﬃ ﬂ0E ﬁ|Pt`
znd}|}WYAz¸gkYAxﬃnd}|rti)¦5ﬂÌ¡` zifzrttzd­
hnpga¡zYgaTWbpgP`wt}WzY¹gaT|YAmaYbpmkY# bf`p@)1zifzr¡z¹uYmkX
cfg{bgatnd}¦Äc|}1z¸gatnd}1`>ﬂ¢nd}PZ
X
ªlEmkndun?`a©gkn?}
W­ :rtYAb?x|`Ugan«¼-b `dﬀ)Wbdr©gkYmk}Wbgk?Yy¥+bLif`+np¦ExfY£1}|}Wﬀ)¼Wk«a­+Ù|c|magaT|YAmaX3n?maY?ª|bd` lEmkndun?`a©gkn?} |­?/
rtYAb?x|`\gan *)®npgkT|Ym¹¥UbLif`hnd¦Ux|Y£W}|t}| )¼Wk«aªcW`a}WuYmkX
c|gkbgkn?}W` ±nd} Z
[
ª¥+Y£1}WbprtriÌndfg{bpt}
*)t b{`pﬀ)|bdr©gkYmk}Wbgk?Yy¥+bLif`+np¦*xfY£W}W}|)ﬀ1a«k­
ﬃÔ
.fXWl@V

 ﬂ µ	I¶½·d½¾èµJ½  ﬃ
ﬁﬂ0Ed3µ	3G¶½ ){½¶ )  Pp³*) ; )³ µ¬¶½{² ´+)1³ ; )
¶Ks²p¶&){²?½
½ ){½¶ )ﬀ½ Y )RW¶5 ﬃﬁﬂﬀEd0%µ	¶s )½1C .Y½¶µsM!²I$)Hb ³ .fµ C
yµd³a²O Eµ¬¶s
²ﬃ½µ¬³k½.fµ¬¶  
.  	
6 ﬁ $'  =
ÙWndmgaT|Y `kbpÁ?YGnp¦WtrtrcW`wgam{bgkn?}
nd¦WlEman?u1nC`wgatnd}:|­ |ªHgaTWY%¦Än?rrtn¥ t}|vYe|bdX:uWrYH``aT|n¥¹ªH£Wm{`jgHªpbp}:bprtu|TWbpYg
x|?mkbdu|T \ ﬃ
ﬁﬂﬀ"C1@?f¥ T|¡z{TÏ¡`ﬀ¡`wn?X3ndmku|T|¡z«gan±)1|aª\bp}Wx gkT|Y} bp} bdru|T1bpYgx|?mkbdu|T
 \ ﬃﬁﬂﬀ"C1R`dG¥ T|YmkY\gaT|Y¹uYmkX
c|gkbgkn?}EﬂÌ¡`U}|npghziszr¡zybp}WxﬃT|YA}WzY/t`v}|npgvzn?}|}|YHz¸gaYHxâ­
@Vq@V

^\ﬃ ﬂ0"sW ?s

Yg 1YygkT|Yxftdm{bpu|Tﬃnp¦ExfY?maYAY\1ªWxftX3Y}W`atnd}3bp}WxﬃdYAmwgkYeﬃ`aYg Z
[
ªWxfY£W}|YHxﬃYrtn¥C
p
q 
seReRe
 
e
t
e
i
e
l
ﬃ\Be
t
e
i
e
l
v e4e¥ gaT v nOZ
[
a
 ¡`U}Wx|YYAx ﬃ
ﬁﬂ0"s1@?skª|¥ T|YAmaY ﬂ ¡`UgkT|Yy¦Ändrtrn¥ t}|:u1YAmaXcfgkbpgatnd}np¦"Z

C
ﬂ Daﬃ\
ﬀ
ﬁ ﬂ
D j  ©¦%D=n ﬃ
? ©¦%Dr\ ﬃ
D j ?
)+* ,
 npgaTWYmk¥ t`aYa
SUTWY}®ª
b 
ﬂ'¡`vxfY£W}|YAxn?}OZ
[
siGC
b 
ﬂ«Ke

e

e
 
e
t
e
i
eGlpﬃ\Be
t
e
i
el4e
 
e

e

ôô * 5
!/
ZAT     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
SUT|Y\uYmkX
cfg{bgatnd}ﬂ3bd`k`ansztbpgaYHx3¥ ©gkT(ﬂªCcW`wYHx#t}ﬃlEmkndun?`a©gkn?})|­ ﬂ(Ä¼­ Yd­tª Dkﬃ\3ﬂ
m
 ?s*ªst`+`wc1z{T
gkTWbg 1!_fr\ ?| 1`p \ | 1 ?sr\ `? 1 f>\1 1|>\ _|  s>\ |ª1bd}Wx
b 
ﬃKe4e4e
 
e
t
e
i
e l >\
e
i
e
 
e  eGlRe
t
e  ªbd}Wx6T|Y}1zY
b
gjiHKe  e  e
 
e
t
e
i
eGlp \'e
 
eGlRe  e
i
e  e
t
­ﬃqsYAY)Ù?c|maYH¦Ändmbp}6rtrc1`jÊ
gkmkbpgatnd}®­
K_fﬃ\ ?


k`pﬃ\ 


ﬁ?sﬃ\w`


 fﬃ\	



|ﬃ\B_


 s6\ 





Ùtdc|mkY HC*¯°rrtcW`wgam{bgkn?}ﬃnd¦gkT|Y¹u1YAmaXcfgkbpgatnd} )xfY£1}|YAx«bd` Dkﬃ\ ﬂ
m
 ?sa­
SUT|YA}®ª
b
gDip
q 
b 
ﬀKe  e  e
 
e
t
e
i
el@\
b
gji;p
q 
Ke
i
e
 
e  ele
t
e  
\
b
gjiHKel4e
t
e  vDe
i
e
 
a ¥ gaT vynOZ"[
\ e

e
 
e
t
e
i
el4v
\ p
q


[
 
se

e

e
 
e
t
e
i
elpa
SUT|YAmaY¦ÄndmkYdª/t`vt`andX3ndmku|T|¡zhgan#)¼Wfa­
@Vq@VA
^\ﬃ ﬂ0"sW4`p

Yg 1YygkT|Yxftdm{bpu|Tﬃnp¦ExfY?maYAY\1ªWxftX3Y}W`atnd} |ª|bd}Wxﬀ?YmagaYeﬃ`wYg Z  
[
ªWxfY£1}|YAxYrtn¥C
p
q 
se
t
e
i
e
l
ﬃ\Be
l
vDe
t
 ¥ gaT v n Z
[
a
/¡`U}Wx|YYAx ﬃ
ﬁﬂ0"s1R`pkªf¥ T|YmkY ﬂ ¡`+gaT|Y¹uYmkX
c|gkbgkn?}ﬃnd¦ Z
 
`acWz{TﬃgaTWbpg>ﬂDkﬃ\ D \ ? b Dk­GSUTWY}®ª
b 
ﬂ ¡` xfY£W}|YAxn?}OZ
 
[
si
b 
ﬂ«Ke
t
e
i
eldﬃ\ eGle
i
e
t
­
¯ ¦¥%YUxfY£W}|Y+gaT|Y+¦Äc|}1z¸gatnd} ¹bd`k`ansztbpgaYHx¹gan ﬂ#siDkﬃ\3ﬂ
m
k`daªp¥+YUdYg K_|ﬃ\ k`d \ ﬁ?sﬃ\w`dª
TWY}WzY)t`v}|npghb#ziszr¡z\u1YAmaXcfgkbpgatnd}«np¦"Z
 
bd}Wx  t` }WnpgPznd}|}|YHz¸gkYAxâ­8hnpgktzYygaTWbpg gaT|Y
x|?mkbdu|T
 zbd}ﬃYbprgaYAma}1bgatdYAri)x|Y£W}|YHxCi
p
q 
 e
t
e
l
 e
i

ﬃ\Q] e
l
e
t

 v

d
¯ g3¡`:zndX3un?`aYAxnd¦
[
U
g
[
t
xf?mkbdu|TW`
t
D
)1R`d\uWrcW`3.xftdm{bpu|T1`ﬀ
i
D
)¼W4`pkª8bd`3`aT|n¥ }¤t}
Ùtdc|mkY<0
¦Ändmv\3?f­
ﬁ
&ﬃﬂ ! , #( 
Ã«	«ﬀ
¯°}gaT|¡``aYAzgatnd}®ªL¥+YG£Wm{`wgmkYAzbdrrdgaT|Y+xfY£1}|©gkn?}np¦fgkT|Y
Â
SU¯wqybpm{z{T|©gkYAzgac|mkYdªbp}1xygaT|Y%Ás}|n¥ }xftdm{bpu|TW`
T1bLCt}| b«r¡bLidndc|gy¥ gaT
Â
SU¯wq­SUT|Y}®ª¥+Y)`jgkcWxfigkT|Y)uWbdmwgktzc|r¡bpmzb?`wY3nd¦%gkT|Y
Â
SU¯wq¢rtbLi?ndcfg¹nd¦UxfY
+mkc| oj}xftdm{bpuWTW`ªfbd}WxâªscW`a}|:gkT|Y\gaT|YAndmkYga¡zbdrmaYH`wc|rgk` x|YdYArn?u1YHxﬀbd1n?Ydªs¥%Yy`aT|n¥ÏT|n¥ gan:ndfg{bpt}
n?ufgatX#bpr
Â
SU¯wqﬀrtbLi?ndcfg{`%¦ÄndmUgaTWYxfY+mac| oj}®­
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# Z?Z
101111
000 010011
100110
001
ÙtdcWmaY<0YCESUT|Yx|?mkbdu|T  np¦Ye|bpX3u|rtY¹|­ |­?/fªf¥ T|YA}\F?
  .0/ &  6%" ﬀ &>8 4 Vﬀ 4 ﬃF" 
Í
	 "+®CU¡`¹bﬃ¦ÄmaYAYÊ°`wu1bdzYndufgktzAbprG`aif`jgkYX ¥ T|¡z{T.bprtrn¥v`\nd}WYÊ¼ganpÊ nd}WYzn?X3X
c|}|¡zbpgatnd}W`P¦ÄmkndX
?man?c|uW` nd¦:gam{bp}W`aX3©gagaYAmk`hnd}Cgan3?man?c|uW` nd¦mkYAzYtdYm{`Aª|cW`a}|yj3rtY}W`aYA`A­hSUT|¡`Pbdmkz{TW©gkYAz¸gkc|mkY
znd}|}WYAz¸g{`®gkT|Y+gam{bp}W`aX3©gagaYAm+ D{ ﬁWaª_ m D#m"bﬂ`?ª_mﬁmjbﬂ`?ªHganPgaT|Y+maYHzYA?Ym+jb ﬁ6bﬂ`?hb Dbﬂ`da­
Â
u|ga¡zbpr}CgaYAmkznd}|}WYAz¸gkn?}W` t} gaTWY
Â
SU¯wq«bpm{z{T|gaYAzgac|mkYbpmkY¹mkYAbprtt§YAx¥ gaTÌb)uWbptmvnp¦ErtY}W`artYg\bdmam{bLif`
, .2®t} b¦ÄmaYAYy`auWb?zYynp¦*ndufgktzAbprât}CgaYm{zn?}|}|YHz¸gatnd}1`+b?` `wTWn¥ }ﬃt} ÙtdcWmaY .|­
lenses
Transmitters Receivers



ﬀ
ﬀﬁ
ﬁ
ﬂ
ﬂﬃ
ﬃ

 
 
!
!"
"
#
#$
$
%
%&
&
'
'(
(
)
)*
*
+
+,
,
-
-.
.
/
/0
0
1
12
2
3
34
4
5
56
6
7
78
8
9
9:
:
;
;<
<
0
1
2
3
4
5
0
1
2
3
4
5
0
1
2
3
4
5
=
=>
>
?
?@
@
A
AB
B
C
CD
D
E
EF
F
G
GH
H
I
IJ
J
K
KL
L
M
MN
N
O
OP
P
Q
QR
R
S
ST
T
U
UV
V
W
WX
X
Y
YZ
Z
[
[\
\
]
]^
^
_
_`
`
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
0
1
2
3
4
5
ÙtdcWmaY.+CGÍ
	 "a+ ||a­
ôô * 5
!/
Z=/     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
  . -   ; 2 ;  a:6#2 ﬃ49=
 Yg \  s­#SUT|Y)Í
	 "a+® Cvbdmkz{T|gaYHz¸gkc|maY3zn?}|}|YHz¸gk`¨gkmkbd}W`aX:gwgkYm¹c|}W©g{`ynp¦+gaT|Y3u|mknfzYA`k`andm{`
gkn mkYAzYtdYAm)c|}|gk`ﬀnp¦ygaT|Y6`abdX3YÌ`wYgﬀnp¦¹u|mknfzYH`a`andm{`­ SUT|YÌt}CgaYAmkznd}|}|YHz¸gkn?}±}WYgj¥+ndmkÁ zbd}À1Y
¦Än?maX#bdrrtixfY£1}|YAx.bd`\¦Än?rrtn¥v`A­#Ú\tdYA}bx|YdmkYY3`acWz{T6gaTWbpgxftC¡xfYH`¢ªrYg   sk|vY3gaT|Y
dÊ maYAdc|r¡bpmﬀx|?mkbdu|TÀ¥ ©gkTÏË \
	
[
?Ymaga¡zYA`ﬃbp}WxÏdYmagaYe `aYg Z
N
ªvt}Ï¥ T|¡z{TÀgkT|Y¢ gam{bp}1`wX3gwgaYAmk`

[
q

k`yjuk
)+* ,
*ª kznSZ [ ª1bd}WxﬃgaT|Y
)maYHzYtdYAmk`

[
q

aK juk
) *-,
*ª kznPZ [ ª
Yrtnd}WﬃgkngaT|Y#}|nfxfY fnfZ
N
(J­ Yd­tªbu|mknfzYA`k`a}|c|}|g*­ﬀSUT|YAmaY3¡`¹bznd}|}WYAz¸gkn?}Ì¦ÄmkndX gaT|Y#}|nfxfY
¢ganﬃgaTWY}|nfxfYyN«}   sk|U©¦%nd}|Ygam{bp}W`aX3©gagaYAmPnd¦#6¡`yzn?}|}|YAzgaYHx«gannd}|YmaYHzYA?Ymhnd¦=N­Ù|ndm
t}W`wgkbd}WzY?ªs£Wdc|mkY

maYAu|maYH`wYA}Cg%gkT|Yxftdm{bpu|T 
1 W@?sk­
 Yg (Q\ G*8ﬁ,3YPb
xf?mkbdu|T®ª?¥ ©gkT *ﬀﬀ\ Ë«}|nfxfYH`Gnd¦âznd}W`wgkbd}Cg%xfY?maYAYv
bd}Wxﬁ ,ﬀﬀ\ﬂ \Ï?Ë
bdmkzA`­Î¢YP`abLi
gaTWbpgM( TWbd`8bp}ﬀÍ
	 "a+  CÊ¼r¡bLidn?cfgE©¦®bp}1x3nd}|rti
¦âgaT|YAmaYhYeft`wg)bd}Wx \¥ ©gkT  \ﬃ
bd}Wx bp}À¡`wn?X3ndmku|T|¡`wX ¦ÄmkndX ( \ +*G-,3
n?}?gkn   sk|k­ Î6YmkYX#bpmkÁ¤gkTWbgﬀ¦ ( bdxfX3gk`)bd}
Í
	 "+®CJÊ rtbLi?ndcfg*gaTWY}<(gTWb?`8bd}ﬀÍ
	 "Us®JÊ rtbLi?ndcfgHªp¥ T|YAmaY'(g¡`8gaT|Yhx|?mkbdu|T3ndfg{bpt}|YAx3si
mkY?Ym{`wt}|:bprtrgaT|YbdmkzA`Unp¦%(:­
Î6Y maYHzbdrr%gaTWbpg#©g)TWb?`:1YAY}±u|man?YAx¤gaTWbpg:gkT|Y«¯°X#bd`aYbd}Wx¯ gkndT xftdm{bpu|T®ª<"$"1wË*kª%¥ gaT±Ë
}Wnsx|YA`np¦hxfYAdmkYYﬀ1ªGTWb?`bd} Í
	 "a+1wË*Ê¼r¡bLidn?cfgﬂ,Z4H2 ªGbp}Wxznd}1`wYHÐ?cWY}CgartidªE`an¢xfnÌgaT|Y«xfYﬃ+mkc| oj}
bd}Wx.gkT|Y U¹bdcfga§ﬃsi.lGman?u1nC`wgatnd}W­ W­6ÙWndm£|efYAx¤x|YdmkYYﬃWª8`acWz{Tb¢r¡bLidndc|g
cW`aYA`
vj M\ Í:JË*
rtY}1`wYH`Egan
}CgaYAmkznd}|}WYAz¸g%ËuWmanfzYH`a`andm{`Aªp¥ T|¡z{T#t`%}|npg%dYmki
YRW)ztY}CgA­*¯°}#gkT|Yv¦Än?rrtn¥ }W¹¥%Yv¥ trtr`aT|n¥
TWn¥ gan
Wc|r¡xﬀbd}ﬃÍ
	 "a+  CÊ¼r¡bLidn?cfgG¦Ändm%gaTWY\xfY\+mac| oj}®ªf`acWz{T#gaT1bg+gaT|Y\}sc|X
Ym+np¦rtY}1`wYH`8cW`aYAx)t`
yj 9\ Ñ
Ò
Ëkª1¥ T|¡z{T«t`Pbpr¡`wn3?YmkiﬀYW)zYA}?g ¦Än?mvu|m{bdzga¡zbprLbdrcWYA`A­8Î6YmaYAX#bpmkÁ)gaT1bg gaTWYbprtc|YA`
nd¦ .bd}WxﬃxfYgaYAmaX3t}|Y)bpr¡`wngkT|Y)`wt§Y#nd¦%gkT|Y#rtY}W`aYA`¹bd}WxâªCigaYAz{TW}|ndrtnd?tzAbprEzn?}W`w¡xfYAmkbpgatnd}W`Aª®gt`
uWmaY¦ÄYm{bp|rtYhgkn#¥%n?maÁ#¥ gaT«rtY}W`aYA`Und¦*bdrX3nC`jg `abdX3Yy`at§Yﬂ(Ä¼­ Yd­tª    *­
  .  &    E #"  !   806 ﬁ% 4 V"g$'"92 !'  ﬁ " 2#"  06<2 ﬃ 49=
ÙWndm¹??Y}¢x|YdmkYY# bd}Wx.xftbdX3YgaYAm ªn?}|Y#zbd}6`wgacWx|i gaT|Y#X#bpestX
cWX }sc|X
Ymnd¦%}|nfxfYH`ynp¦+gaT|Y
¦JbdX3rtinp¦+xf?mkbdu|TW` ® sk|<(J­ Yd­tª®gkT|Y#xf?mkbdu|TÌnd¦%xfYAdmkYY3«|c|tr©g¹¦ÄmkndX bd}.Í
	 "a+® CV*¸­:Î¢Y
n?fgkbd}WYAxâªsi«YefTWbpc1`jgk?Y
`wYHbpm{z{T®ª1gaT|YmaYH`wc|rgk`PmkYundmagaYAx}ÌSbpWrYﬃZ¦ÄndmyxfYAdmkYY?ﬀbp}WxÌxftbdX3YgaYAmk`
Wª$#|ª|bd}WxM`4_|­ESUT|Y\g{bp|rtYzn?}?g{bpt}W`+nd}|rti#gkT|Y¹rtbdma?YA`wgvxf?mkbdu|TW`%¦ÄndcW}Wxﬃ¦Ändm YAb?z{Tﬃxf¡bpX3YgaYmH­
SUT|YU¹bdcfga§\xf?mkbdu|Tﬃbdu|uYAbpm{`8gan:1Y\gaTWYPr¡bpmkdYH`jgUxf?mkbdu|Tﬀnd¦xfYAdmkYYP#bd}Wxﬀx|tbdX:YgaYAmU ¥ T|¡z{T
T1bd`ybp}Í
	 "a+  CJÊ r¡bLidndc|gA­SUTWt`y¥Ubd`yu|mkYAx|tzgkbpWrY:1YHzbdcW`wY3gt`¹bdX3nd}|ﬃgaT|Y#YA`wg¹Ás}|n¥ }6znd}fÊ
`wgamkcWzgatnd}W`+¦Än?mUgaT|Yzrtb?`a`atz\xfYAdmkYYÊ°xf¡bpX3YgkYmUu|mknd|rtYX , 2¼­
ÙWndm%£|efYAx)xfYAdmkYYh1ªfxf¡bpX3YgkYmU ªfbp}Wx#}sc|X1YAm%nd¦®}|nfxfYA`%Ë \ÏYXPªs¥%Yh¦Ändc|}Wxﬃ`wYAdYAmkbdrWxftdm{bpu|TW`
¤ ®saWaª?¥ ©gkT  \ÀYX q i%¦Än?mGxf 'YmkY}Cg8bdrc|YH`*np¦#bp}Wx y`acWz{T
gkTWbg%1ndgaT #bp}Wx P¥%YAmaYUun¥%YAmk`
nd¦1­E¿vrtrfgaT|YH`wY xftdm{bpuWTW`*TWbpuWu1YA}|YAxganyY t`andX3n?mau|TWtz8ganﬀ1a«k­*¿P`Gbp}:Ye|bdX:uWrY?ª ﬁ?|@?   | ?skª
¤
W4` ? |@?f%bp}1x ` W $?|@?f+bpmkY:t`andX3ndmku|T|¡z¹gkn )ﬁ?| |a­:¯°}ÌgkT|Y3}|Yesg`wYHz¸gkn?}®ª®¥+Y:¥ trtrEu|man?Y
gkTWbg%¥ T|Y}|YAdYAm8 ¡`GY?Y})bd}Wx   sk|kªCb?`8xfY£W}|YAx#bd1n?Ydª?t`%znd}W}|YAzgaYAx®ªdgkT|Y}#g%¡`G¡`wn?X3ndmku|T|¡z
gkn#)1a a­GÎ6Y¹¥ rtrbdrt`an:b?x|xfmkYA`k`%gaT|YzAbd`aY\¥ TWYmkYyÆ¡`Unfx|xâ­
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# ZH
} u Ð
­
­
­
­
­
­
­
­
­
/ﬀ0p / /10p
/ﬀ0H / /10H
/ﬀ010 / /1010
/ﬀ0. / /10. x|Y%mkc| oj}
H ZA/p
ZA. ﬀ/
/ﬀ0p / /10p
/1.H / /.H
/dd / /pd
?H / dH U¹bpcfgk§
 \ 
} u Ð
­
­
­
­
­
­
­
­
­
01Td / 0T?
0|Z4T / 0fZAT
0|ZdZ / 0fZ?Z
0|ZA/ / 0fZ=/ xfY¹+macW oj}
 ZA/d
0|ZA / 0fZH
0|Z4. / 0fZA.
0ﬀ/p / 01/d
0C. / 0?.
.d / .? U¹bpc|ga§
 \ #
} u Ð
­
­
­
­
­
­
­
­
­
Z4Tﬀ/ﬀ/ / ZATﬀ/1/
Z4Tﬀ/d / ZATﬀ/p
Z4Tﬀ/H / ZATﬀ/H x|Yy+mkc| oj}
H 0|ZA/
 /ﬀ0.
Z4. Z=/p
ﬀ/ .H
Z4Tﬀ/1. / ZATﬀ/.
Z4Tdx/ / ZATdﬀ/
Z4Tﬀ01. / ZATﬀ0.
ZdZA0ﬀ/ / Z?ZA01/
ZA0pﬀ. / Z=0p1. U¹bdcfga§
 \ `4_
Sbp|rtY3Z1C ®s@?sE¥ gaT xf¡bpX3YgkYmvWª|:bd}Wx6Z4TW­
  .   	

ﬀ 8 ;#4	 
  !X:6<2 ﬃ4 2 "   " ﬃ 8 ;  >8 #" 6 $d& =
¯°}6gkT|t`
`wYHz¸gatnd}6¥+Y)z{TWbpm{bdzgaYmkt§Y:Í
	 "+®CJÊ rtbLi?ndcfg{`Pnd¦+xfY)+mkc| oj}.x|?mkbdu|T¢T1bLCt}|«b«X3}|tX#bpr
}sc|X1YAmPnd¦8rtY}W`aYA`A­\ÙWndmPgaT|¡`Aª¥+Y:¥ rtr`wgac1xfizb?`wYH`v¥ T|YAmaY
P\ 

bp}1x \ 

ªb?`ht}Wxf¡zbpgaYHxt}
gkT|Yxf¡`azcfgatnd}«bpndY?­
&

Ø('GØ
1¬
Ø
ºYZV
 9
 ) pµp³a²
   sk|µ	«µ	Rp³?µJ½6¶Vﬀﬃ
ﬁﬂE  \ﬃbw`pﬀ r )³*) Éµ	 ¶K )
½ ¾ )	)RW¶+ )³
 .f¶°²¶¼µsﬀ²	5$)" )yµ   )"Wµ¬¶¼µs)a  
6
²G  r )³+)v¶K )  )³
 .f¶°²¶¼µsﬂÌµ	 4)> );
 Z
X
-\  \j  \b `G²	#¾¬¾  r	
i
ﬂ % D(' b
ﬀ
ﬁ
ﬂ
D j 
\
µ HDPn 
\
b ` ﬃ
 \+b ` µ HD \  \+b ` ﬃ
D j  \b `
)+*-,
 p¶s )³
 Eµ	()4a
&

Ø®Ø()

vndga¡zY¹gkTWbght}«gaTWt` uWmansnp¦jª1¥%Yb?`a`anfz¡bgkYPgknﬀb3}sc|X
Ym eSnSZ
[
ªWgk`hdÊ°bpmki)maYAu|mkYA`aY}CgkbpÊ
gkn?}®ª|xfYA}|npgkYAxvse (Ä¼­ Y?­ªvKe®r\Be
A
gji
a4aRae
i
eGldªem n Z>[?ª|`acWz{TgaTWbpg e \
w
A
gji
mqxjl
em¼
m
*¸­
] YHzbdrr?gaTWbpggkT|Y Í
	 "U ®Cbdmkz{TW©gkYAz¸gkc|mkY8zn?}|}|YAzgk` ?man?c|uW`np¦ Ugkmkbd}W`wX3gwgkYm{`®gkn  ?man?c|uW`®nd¦
:mkYAzYtdYm{`Aªp`wcWz{TgaT1bgEgaTWYUgam{bp}W`aX3©gagaYm  D{ ﬁWaªx_m D=n ®ªx_mﬁnsªp¡`Gzn?}|}|YHz¸gaYHxgknygaT|Y mkYAzYtdYAm
 @bﬂﬁ b `d  b(Db `pa­E] YAX#bpmkÁ
gkTWbgvDkT1bd`%rYA}|pgkT  \bp}1xﬀv ﬁW*TWbd`%rYA}|pgkT \¼­ESUT|Y}®ªs¥+Yhr¡bpYr
gkmkbd}W`kzYtdYAm% D{ ﬁWâCiﬁvDkﬂv5ﬁ|kªpnp¦rYA}|pgkT  \!j \J­*¿h`ﬃv  bﬁrb `p \ v5ﬁ|®bd}Wxﬁv b Dﬀb3`d\ vDkaª
¥+YyTWbLdYPgaT1bg gaTWYygam{bp}W`aX3©gagaYmv Dkﬂv ﬁWG¡` zn?}|}|YAzgaYHxﬀgkn:gaT|Y¹mkYAzYtdYm v5ﬁ| vDka­
¼

a

aWUT1bd`yzn?}W`jg{bp}CgxfY?maYAYbd}WxË }|nfxfYA`Aªbd}WxÌ}WnpgaY:gkTWbg`a}WzY# xfs¡xfYA`ynpgkT 
bd}Wx sªYAb?z{Tdmkndc|u«nd¦8
!
gkmkbd}W`wX3gwgkYm{`hzn?}Cgkbpt}W`P
!
gDi¹}|nfxfYH`­\qsnﬀ¥+YzAbp} r¡bpYrgaT|Y BCÊ¼gaT}|nfxfY
(ﬁByn{Z
["
ﬂ#
S
*\nd¦8gaTWY DÊ¼gaT6dmkndcWuÌnp¦%gam{bp}W`aX3©gagaYAmk`(D n Z

*PCi$vDkﬂv Baªnp¦%rtY}WpgaT 
\
j 
\
bB`d­
SUTWt`%}|nfxfYhT1bd`EgkT|Yvgkmkbd}W`aX:gwgkYm{`5]CD{a B}jOvEk"vyn Z>[d?ªC¥ T|¡z{TﬀbpmkYvr¡bpYrtYAx#si:gaT|Y\`wYg%nd¦`jgkmat}|?`
ôô * 5
!/
Z4H     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
] vDkﬂv BﬂvKvEa v nyZ [ d?­ySUTCc1`ªgkT|Y
gkmkbd}W`aX:gwgkYm{`vnd¦GgaT|Y:}|nfxfY vDkﬂv B%¡`yzn?}|}|YAzgaYHx«ganﬃgaT|Y
mkYAzYtdYAmk`|] vﬁB vsvE vDka<vnBZ [ dC­  YgﬁvDk \ v  ﬂvGkGkª¥ TWYmkYﬀv  Pt`b`jgkmat}|nd¦ rYA}|pgkT

\
b `:bp}Wx kfnyZ [ ­PÎ¢Y:TWbL?Y] v BﬂvKvEﬂv Dak vfn Z [ d9\ ] v BﬂvKvEﬂv  ﬂvGkGk vfn Z [ d:bp}1x
gkT|YA`aYymaYHzYA?Ym{`%Yrtnd}Wgkn:gaT|Y¹}|nfxfYH` ] v BﬂvKvEﬂv  k@vyn Z>[d?­
Ùt}Wbprtri?ªGb }|nfxfY3e mkYu|mkYA`aY}CgkYAx6si¢gkT|Yﬃ`wgamkt}| vse<\ v   vk8ﬂvﬁBaªE¥ gaT v  ncZ

gDi
[
ª
vGkG>nPZ"[%bd}Wx v B>nPZ
!
gDi
[
ªp¡`znd}|}WYAz¸gkYAxgaT|mkndc|?T¹gaTWYUÍ
	 "a+® Câbpm{z{T|gaYHz¸gacWmaY?ªAgknhgkT|Y+}|nfxfYA`
mkYuWmaYH`wYA}?gkYAxsigaT|Y:`jgkmat}|?`<] v BﬂvKvEﬂv  w v nyZ [ d?­h¿P` vKe®h\ e
Xhgji
aRaRae
i
e l ªGe m n Z [ ª¥%Y
T1bLdY v   \ce
Xhgji
e
Xhgt
aRa4ake


ª vk8h\ce


gDi
ªbp}Wx v B>\ce


gGt
a4aRae
i
el?­USUTscW`Aª|gkT|Yx|?mkbdu|T
¤
 
a

aW8zbp}YxfY£W}WYAxnd}ﬃgaT|Y¹?YmagaYeﬃ`wYg Z X
[
¥ ©gkT
p
q 
Ke
XhgDi
aRa4aue
i
e l ﬃ\w] e


gt
aRa4aue l vDe
Xhgji
aRaRae


dﬀa
¿ zAzn?mkxft}|gan:gaTWYxfY£W}W©gkn?}nd¦5ﬂ gaT|¡` ¡`UYe|bdzgarti ﬃ ﬂE \+b{`pk­

Ø

Ø
3 3Jf
Õ
ZA 
)¶  \j  \kbI`8\ ! "6³v²W·<4)d³*) )8 ®¶s ) pµp³a²
ﬀ	8)1a U² ¼

k
!
k|
²p³*)
µ	p³CµJ½:µ 
²I1¾è·#µ ¹¶K )8 )³
 .f¶ ²p¶µs'ﬂ  Z
X
4)> )´¸·
ﬂ % D(' b
ﬀ
ﬁ
ﬂ
D j  \ µ HDPn  \+b ` ﬃ
 \+b ` µ HD \  \+b ` ﬃ
D j 
\
b `
)+*-,
 p¶s )³
 Eµ	()A
µ	
½·d½¾©µJ½ 
&

Ø®Ø()

Î¢Y¢`wT|n¥+YAx±t}ÏlEmkndun?`a©gkn?}{H1­Z«gkTWbg

a

aW
¡`)¡`wn?X:n?mauWT|tzﬃgkngaT|Y¢bprtu|TWbpYg
x|?mkbdu|Tﬀﬃﬁﬂ!E \b `pk­vÎ6Y
TWbL?Ybpr¡`wnﬀ`aT|n¥+YAxt}ÌlEmkndun?`a©gkn?}|­ 3gaTWbpghgkT|Ybdru|T1bpYg\x|?mkbdu|T
ﬃ
ﬁﬂ!*dnp¦®xfYAdmkYYv
bd}Wx#xftX3Y}W`an?}) t`8t`andX3n?mau|TWtz+gkn¹gaT|YPxfYP+mkc| oj})x|?mkbdu|T#)1a ¥ T|YA}
ﬂt` zifzrttzd­GSUT|Yzn?man?rr¡bpmki:¦Ändrtrn¥v`A­
hn¥¹ªC¥+YP`aT|n¥ gkTWbg+gaT|YAmaYPYef¡`jg  \bp}1x  \`wcWz{TﬀgaTWbpg+ﬀ1a«Gbp}1x ¼

k
!
k|EbpmkYh¡`wn?X3ndmaÊ
uWT|tz¹bd}Wx

j 
!
\ Ñ
Ò

X
 (J­ Yd­tª  j \ Ñ Ò Ë**­
&

Ø('GØ
1¬
Ø
ºYZVA@ 
)¶+ ´+)IA1²G  \r\  \>\
X q6i
t
 
9
 )¢)1a 3² ¼
S
U
a
S
U
k|
²p³*)
µ	p³CµJ½:µ 
²I1¾è·#µ v \ `& 
&

Ø®Ø()

¯ ¦  \\  \	c`?ª7ﬂ \xb `dﬃ\  \ by` \ \xby`¹bp}Wx(ﬂ«t`+}|ndgvzifzrttzd­*¯ ¦  \G\  \G\w`dª| \Q`
bd}Wx)1R`dGt`vt`andX3ndmku|T|¡zhgan 1a1aWa­

Ø

Ø
3 3Jf
Õ
Z[Z 
)¶  \ \
X
t
²  \ \
X
t
j`& z6³I ).²y4)d³*) )#9µ ¶K )OpµJ²	)¶ )³#^µ	
)?; ) G¶s )pµp³a²
ﬀ	h)1a y²¼

U
a

U
q6i
aWy²p³*)¹µ	Rp³?µJ½ v²G)¶s )³+)p³*) )1a  s²	
²Í
	 "a+® C-J°¾²·1 .f¶" Eµ¬¶K
j\ Ñ Ò Ë*\¾ )	()
	  
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# Z=0
&  Ø®Ø()  SUT|Y¹uYmkX
cfg{bgatnd}ﬂ n?}OZ
X
¡` xfY£W}|YAxsi
ﬂ %D ' b
ﬀ
ﬁ
ﬂ
D j
X
t
¦DPn
X
t
ﬃ
X
t
b ` ¦D \
X
t
ﬃ
D j
X
t
b `
)+*-,
 npgkT|Ymk¥ ¡`wYp
bd}Wx.nd}WYﬀzbd}YAbd`atri6dYAma¦ÄiÌgkTWbg ﬂ t`zifzrttzd­ÌSUTscW`Aªc1`wt}|6Ç%n?man?rr¡bpmki HW­?/fªgkT|Yﬀ¡`wn?X3ndmku|T|¡`wX/t`
?Ymk©£1YAxâ­
Ùtdc|mkY%%maYAu|mkYA`aY}Cgk`gkT|YGxftdm{bpu|T W W@?fs¥ gaT¹?YmagaYeP`wYgﬃZ

t
bp}Wxy`acWz{T\gaTWbpg p
q 
se
 
e
t
e
i
elpr\
] e
i
e l vDe
 
d?ªpbd}WxÙtdc|mkYUhmkYu|mkYA`aY}Cg{`®gkT|Y xf?mkbdu|Tﬀﬁ?| |¥ gaT:gaT|YU}|nfxfYH`rtbd1YArt}|\np¦¤
W| ?sa­
1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000
ReceiversTransmitters
ÙtdcWmaY
 C W|@?fa­
ôô * 5
!/
ZA.     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
1100
1001
1000
1110
0110
1011
0000
1101
10100101
0010 0100
11110111
0001
0011
Ùtdc|mkY +Cﬀﬁ?| |®¥ gaT:gkT|Y bdxLowb?zY}1zimkYr¡bgkn?}
np¦ W W@?faª¼­ Y?­ C6p
q 
se
 
e
t
e
i
elpr\ ] e
i
elRvDe
 
d?­
ÎÀT|YA}«gaT|YxftbdX3YgaYAmh Q`¹¡` nfx|xâªWsilEman?u1nC`wgatnd} H1­ WªW)¼Wk«+bd}Wx   saW%zAbp}|}|ndgv1Y
¡`andX3ndmku|T|¡z¹¥ gaT P\ s­¹SUT|Y3zbd`aY¥ T|YAmaY
Ì¡`\zrtn?`aYA`wghgan 3¡`PTWY}WzY¥ T|YA}®ª¥¹­ r¼­ nW­ W­tª  \6\
Xhgji
t
bd}Wx \G\
XhgDi
t
j ?f­ &vn¥+Y?YmHª?g t`+}|ndgUbdr¥UbLif`GgkT|Y¹zb?`wYhgaTWbpg ﬀ1a«Gbd}Wx ¼

#
S
U
k

#
S
U
qjtpk|
bdmaY#¡`andX3ndmku|T|¡zp­«Ù|n?m}1`jg{bp}WzYdª ﬁ?

@?

 ?sPbd}Wx) ?fR`ﬀ`phbdmaY#¡`wn?X3ndmku|T|¡zpª¥ TWrtY ¼ dapk|
bd}Wx)1R` f8bdmaY\}|npgH­

Ø

Ø
3 3Jf
Õ
ZAe $
µ3; )RÀ)¼Wk«Ì²G ® sk|ﬀ)¶s )µ¬³Ìµ	p³Cµ	 ½k²~´*) ; )³¸µ  )µ  ¶¼µ  )
Í:¼«  
&

Ø®Ø()

Åh`a}W«Ç%ndmkndrtr¡bpmkiﬂHW­?/3g\¡`P`acYW)ztY}CgPgan)?Ymk©¦ÄigaT1bg ﬂ¢¡`Pbﬃzifzrt¡z¹u1YAmaXcfgkbpgatnd}nd¦@Z
X
­
SUTWt`UmkYAÐCc|tmaYH` Í:«%`wgaYAuW`A­

Ø

Ø
3 3Jf
Õ
Zqp
 µ Wµ :µ µ x)

j±

 	 .W½¶Ks²¶%)1a ²G ¤
 
a

aW²³*)#µ	p³CµJ½ 
³+)+,(.fµ¬³*)	 Í:¼ﬂtdP¶¼µ  )<	¸¶ )u	  
&

Ø®Ø()

¯ ¦
¡`ﬀYAdY}ª cW`wt}|ÀÇ%ndmkndrtrtbdmai H1­ H1ªUgaT|Y¢X3}|tX
cWX ¡`ﬃndfg{bpt}|YAxÀ¥ gaT \\
X
t
bp}1x
 \ﬃ\
X
t
jc`?­
Â
gkT|Ymk¥ ¡`wY?ªWgkT|YmkY:bdmaY uWbdm{` \¼  \Jaªâ¥ gaT  \ﬂn  \Jª®`acWz{T gkTWbg¹ \  \ j  \b `d­
SUTscW`AªfcW`a}W)Ç%n?man?rr¡bpmkiHW­?0fªf¥+Yyndfg{bpt}ﬃgkT|YyX3}|tX
cWXÃbprtc|Yyt}ﬃgkX3Y
Í:¼ﬂtpv­


~
ﬃ$+, ﬀ

¯°} gkT|t`uWbpuYmHª¹cW`a}|À?mkbdu|TÏgkT|Yn?maYga¡zbdru|mknduYmagatYA`gaT1bg¥+Yu|man?YAxâª\¥+Y¤z{TWbpm{bdzgaYmkt§YAxÏgaT|Y
Í
	 "+®CJÊ rtbLi?ndcfg+np¦gkT|Y¹xfY¹+mac| oj}«xf?mkbdu|Tﬃﬀ1a«G¥ TWY}  bd}Wx 
bpmkY\u1n¥+Ym{`+np¦O( I\Ï

ª
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# Z
 \ 

bd}Wx  \ j \jbo`ﬂ\'I*¸­«Ç%nd}W`aYAÐCc|YA}?gkri?ªt}6gaT|Y)zAbd`aY:¥ TWYmkY) t`u|matX3YdªgaT|¡`¹tX:uWrtYA`b
z{T1bpm{bdz¸gkYmk§Hbgkn?}nd¦GgaTWY3Í
	 "a+® CÊ¼r¡bLidn?cfghnd¦GgaT|Y3xfY3+mac| oj}®­ÙWndmPgaT|Y:npgkT|Ymyzb?`wYH`ªnd}WYzn?c|r¡x
znd}W`a¡xfYm#Í
	 "a+  CJÊ r¡bLidndc|gk`¥ gaT ® |\ 
m
ªG|cfg#t}?gkc|gatnd} bd}Wx¤YefTWbpcW`wgatdY`wYHbpm{z{T¤X#bpÁ?YﬀcW`
znd}ojYHz¸gkc|maY\gkTWbgHª|Ye|zYAufgU¦ÄndmUgkmatstbdr®zbd`aYA`Aª|`acWz{Tﬃr¡bLidn?cfgk`Uxfn3}|ndgvYef¡`jgH­
Æ- vﬀ$+ 
,ZR2
ÇP­1%YAma?Yd­ $ ³a² )	{­++ndm{x|bd`AªZAd?|­
, /2 pÊwÇP­+YmkX3nd}Wx®ª]¹­È\bL¥%YH`ªbp}WxÙ+­%5Emkdt}Wzbd}®­hÈPY+mkc| oj}¢bp}Wx U¹bdcfga§
|cW`P}|Ygj¥+ndmkÁf`­  )¶GJ
 "p³#4	¸ª1T+C?/Tx0+/fZAWª|ZA?Cf­
, 2 pÊwÇ %YAmaX3n?}Wxbp}1xl­®Ù|m{bptd}|¡bpcWx®­P+manCbdx|zAbd`wgat}|)bp}1x¢Ú\n?`k`au|t}|)t}¢x|Y:+mkc| oj}¢vYgj¥+ndmkÁf`­
Yﬀ + .f³
²¾  >  .f¶¼µ xdª/d(jZ=*
C?/fZ=/Y/ﬀ/10|ªWZA?H1­
, H12 pÊwÇP­?+YmkX3nd}Wxâªx&­ ¿B&hbdmac|gjiCcW}CiCbp}®ª?¿­  tYA`wgaX#bp}®ªCbp}Wx)qâ­?lYmkY}|}WYA`A­¿Ï}|npgkYvnd}:gaTWYPxftX3Y}fÊ
`atnd}Wbdrgjind¦®X3nsx|©£WYHxIUy}CxfYr1dm{bpu|T1`­D
1¶ )³
²p¶µs²p¾+ .f³
²¾jI6d²¶¼µs	 !>  .f¶ )³
â½µ-)R½ ) >1 ){½µJ²p¾G
	;	 ./) W¶ )³k½; )k½¶¼µsI)¶! "³#A	{ª1(K/ﬀ*
CtZ4T?	Z?Z4.WªWZA?Cf­
, 02¹È­ 7Gbd}%rtYmkÁdn?X«ªÇP­ÙWbd}®ª %.­+rcWX:Y?ªbd}Wxq­ 5G`aY}|YAmA­ﬃSm{bp}W`atX:uYAxWbp}WzY:mkYAzYtdYAmyx|YA`a?}
n?ufgatX3§Hbgkn?}3¦Ändm8`aX#bpmagGu|©efYArWbpmkmkbLif`A­


+ .f³
²¾

µ?¶! 8² ; )
9
){½ﬀ¾ ;p·ªZA.(jZ=*
CtZdZH	
Z=/.Wª dbd}Cc1bpmkiZHd?|­
, .2<%­C+rtc|X3YdªfÚ:­ % bdmk`aY}ª?l­+% bpm{z{TWbp}1xâªdbp}1xﬀq­$58`wYA}|YmH­
Â
ufga¡zbdr1Smkbd}W`au1nC`wY ¯°}CgaYAmkznd}|}WYAz¸gkn?}
qfis`wgaYAX ¦Än?mﬂ7EYmaga¡zbdr 5EX3©gagaYAmk`A­ ﬁ@7
9
µJ½k²p¾ ) )¶µ  z ﬁﬃ1¶¼µJ½
	«µ  >  .f¶¼µ x 

²=# )
9
²=Y )ªG%bpm{z{T¢ZHdCf­
,ß=2<%­+rcWX:Y?ªEÙ%­r% zHÇ%n?maX3¡z{Áªl­r%bpm{z{TWbp}Wx®ªbp}1x.qâ­ 5G`aY}|YAmA­«¿vmkm{bLi}CgkYm{znd}W}|YAzg
`wif`wgaYX#`
1bd`aYAx#n?}ﬀrtY}W`arYgk`+bp}WxÇUÚ &­SYAz{TW}|tzAbpr] Yundmag /ﬀ0psHÊu/1/fªCqflE¯ 5 ¯°}?gkYmk}Wbgkn?}WbprqsisX3u1nC`wtc|X
n?}
Â
ufga¡zbdrqfztY}WzYdª 5E}Wdt}|YYAmat}|#bp}Wx¯°}W`wgamkc|X3Y}Cg{bgatnd}ªWqfbp}«ÈhtY?nO(JÅPq|¿ *¸ªZA?ﬀ0f­
, 2yÎ ­â+mktxf?YA`\bp}Wx¢q­âSn?c|Y1­
Â
} gkT|Y:X3un?`k`wt|trgji«np¦%xftmkYAz¸gkYAxP% nCn?maYdm{bpu|T1`­Y .f³
²p¾r!
>#´µ ²p¶p³¸µJ²¾
9
 )³¸·ª (!/px*
C dds1HWZdªWZAdﬀT|­
, 2¹Ù+­Ç+bdn bp}Wx6¿­%n?mkz{TWYm{`­
Â
ufgatX#bprEgkmkbd}W`wX3¡`a`atnd}¢`kz{T|YHxfc|rtYA`\¦Ändm¹rttdTCgj¥+bL?Y
}|Ygj¥%n?maÁf`\YX:Ê
YAxWxfYAx«¥ gaT xfY¹+macW oj}«dm{bpuWTW`­
9
 )³+)¶¼µJ½{²¾   .f¶ )³ ½µ-)R½ )ªG/1/1/(jZÊV/ﬀ*
CtZdZAZH|ZdªfZHd?|­
,tZ4T2yÈ­Ç%TWtbdmac|rtrtªWq­

Ysgkbd}®ª|]¹­%«YArTWYX«ª W­WSYA§AbWª|bp}Wx«Ú:­1Ú\m{bLdY}1`jgkmaYgaYmH­*lbdmwgk©gkn?}|YAx
Â
ufgk©Ê
zAbprl*b?`a`a?Yyqsgkbpm(Jl
Â
l8q* Sn?u1n?rn?dtYA`%¦Ändm % c|r©gkuWmanfzYH`a`andmU¯°}CgaYAmkznd}|}WYAz¸gkn?}hYgj¥+ndmkÁf`%¥ gaT
ÈP¡`jgkmat|cfgkYAxÌÇ%nd}Cgkman?r­ 


+ .f³
²¾ 

µ?¶! 8² ; )
9
){½
xGp¾ d·ªZ4H( *
CtZ4.ﬀT|ZZ4.WZA/|ª|ZA?1.|­
,tZdZR2
Â
­Ç%n?rrt}1`ª®q­âÈPndrt}WbdmAªâ]¹­D% z 5ErtYHzYdª®bd}WxÌÙ+­âlndrtrtbdmkbW­\¿ 7

qs¯Px|YAzn?X3u1nC`wgatnd}nd¦GgaTWY:xfY
+mkc| oj}?mkbdu|TW`A­+ .f³
²¾ﬃy¶K )    ªW?+C dWZs1H?WªWZA?ﬀ/|­
,tZA/2ÇP­WÇ%nsndrtYi#bd}Wx W­fScWz{Á?Yi?­¿v}bprtdndmkgaT|XÉ¦Ändm%gaTWYPX#bdz{TW}|Yyzbdrtzc|r¡bgatnd}ﬀnp¦zndX3u|rtYe)Ù|n?c|matYm
`aYmktYA`A­ Ì²p¶s )#²¶¼µJ½
	! >  .f¶°²¶¼µs1ª®ZAC /dCf1TWZdªWZHdx0f­
ôô * 5
!/
ZH     .4)³¸¶ D )³¸³*)µ¬³a²	"
 ³*)R )	
,tZA2yÈ­%Ç%ndc1xfYmagAª8¿
­GÙ|YAmamkYtmkbWªGbp}Wx 
­"%«c|nd§?­ %«c|rgatu|mknszYA`k`wn?m:¿hmkz{TW©gkYAz¸gkc|mkYA`:Åh`a}| %«cWr©gk©Ê
TWnduW` %«c|rgaÊ
Â
l8q  ?TCgj¥+bL?YyhYgj¥+ndmkÁf` bp}Wx ÈPt`wgamkt|cfgaYHxÌÇ%nd}Cgamkndr¼­+¯°}P


c
1¶ )³
²p¶µs²p¾
v²³a²p¾¬¾ )¾ +³H½ )
		¸µ xﬂ1· +=	¸µ .YªWuWbp?YA`yZA0|ZZA010|­d¯ 5 5!5ÀlEmaYH`a`AªâZA?dW­
,tZRH12yÈ­sÇ%n?cWxfYAmwgHªd¿­dÙWYmkmaYAm{b|ª?bp}Wx PbLstYm"%«c3}|n?§d­
Â
SU¯wqsÊ Ubd`aYAx|%«c|rgaÊ&hnduﬂ%«c|rgaÊ
Â
l8q  tdTCgwÊ
¥UbLdYhYgj¥+ndmkÁf`­%¯°}  |­] ndrtXÆYg\bpr¼­ª1YAxfgan?mAª +³H½+) )µ  	¶K )  ³#A	;Yz{ﬁﬃ1¶¼µJ½
	²G
>  .f¶ )³O½µ-)R½ ) 6 f`fKfpªPdndrtc|X3YZA0d1. nd¦  ){½¶ﬂ.f³*)39¶ )	«µ  >  .f¶ )³ ½µ-)½+)ª uWbddYA`
?Cs|ZAT|­fqsu|mk}WdYm 7EYAmar¡bp1ª|bpu|myZA?dW­
,tZA02yl­dÈ\bpuWÁCc1`ª1%.­1%bdzÈPndcW?bpr¼ªdÚ:­8bp}WWªpbp}1x:­?Ç%T|Y}|1­|Åvrgam{bprtn¥.gaT|mkYA`aT|n?rtx7PÇUq 5  `¦Än?mGbpufÊ
uWr¡zbpgatnd}gany`wX#bpmag*u|©efYArt`A­f¯°}IG3²p³¸¶
+µ I )¾?	 9 ){½ﬀ1µJ½k²p¾ﬀ 
µ$)	¸¶ªpu1bpdY50fªUyYAif`jgknd}|Y?ª?Ç%ndrtndm{bdxfn1ª
¿hc|dc1`jg 0Ê ﬃZA?1.|­s¯ 5 5!5hE  5
Â
q qsc|X3X3YmvSndu|¡zbdr %«YYgat}|?`A­
,tZ4.2%­|Ù|Yr¡xfX#bp}ªWq­ 5G`aY}|YAmAª1ÇP­WÚ\c|YH`jgHª|bp}Wxq­  YAYd­GÇ%ndX3uWbdma¡`wn?})Ygj¥+YY}ﬃYrtYAzgamktzAbprâbp}Wxﬀ¦ÄmkYYÊ
`auWb?zY
n?ufga¡zbdrt}CgaYAmkznd}|}|YHz¸g{`vWb?`wYHx nd}un¥+YmPbd}Wx`au1YAYAxznd}W`a¡xfYm{bgkn?}W`­ @1¾èµ-) ﬁﬃ1¶¼µJ½
	¸ª
/CY(ﬀ*
CtZLHx/	ZL10fZ?ªﬀ% bLi ZA?dW­
,tZL=2yÈ­ Úybpm{xf}|YmHªUl­5% bdmkz{TWbd}WxâªUl­@&PbpmkdYi?ª

­h&hY}Wxfmk¡z{Áª bd}WxÏq­ 58`wYA}|YmH­ lGT|npgkndmkY¦Äm{bdz¸gk?Y
+YHbpX#`wuWrgwgkYm3Ù|ndm3Ù|mkYY«qsuWb?zY
Â
u|ga¡zbpr+¯°}CgaYAmkznd}|}|YHz¸gkn?}qsif`jgkYX#`­cﬁ@7 @1¾èµ-)fﬁﬃ1¶¼µJ½
	¸ª
sY(!/.ﬀ*C .WZLp	 .WZAWZdªdqsYAufgaYAX
YmZHddW­
,tZA2%­*Ú\T|¡`and}|¼ª &­ % bpmagat}W`k`wn?}®ª
­5EmktÁs`k`and}®ª %.­

¼ª*¿
­

bpm{`a`and}ª  W­+Y}|dgk`k`wn?}®ª*¿­rUyTWbp}®ª
bd}WxﬀÚ:­sl*bpmkmai?­GHdeYH
ÙWbd}fÊ¼n?cfgUqfu1ndgUÚ\Y}WYm{bgan?m8Åh`at}|:Úyb?¿h`++b?`wYHx7PÇUq 5

`%bd}Wx#Èh 'mkb?z¸gatdY
Â
u|ga¡zbpr 5ErYAX3Y}CgA­" 


 @ ¶V1µJ½
	
9
){½
xGp¾ d·

)¶¼¶ )³	¸ª|+C?0T?|ªZA?Cf­
,tZA2yÈ­%Ù+­"&P`wcÏbd}Wx È
­+q­

­%Î¢YA­ 5rW)ztY}Cgﬃ] n?cfgat}|bp}WxÀqsn?mwgk}Wqfz{T|YX3YH`:¦ÄndmﬀxfY+mkc| oj}
hYgj¥+ndmkÁf`­I 



9
³a²+	²d½¶µs+	I  ²³k²¾¬¾ )¾+²G  µ	¸¶¼³¸µ´ .f¶ ) 1·=	¸¶ )	¸ª(wZdZ=*
CtZdZA0CZdZLT|ª
ZHdss­
,?/T2%­p¯°X#bd`aY+bd}Wx|%­p¯ gan?T®­|ÈhYH`wtd}gan<%«t}|tX3§AYvÈh¡bpX3YgkYmEn?}:+c|trtx|}|dÊ +rtnfz{ÁyhYgj¥+ndmkÁ­



9
³a²+	²d½¶µs+	ﬃ>  .f¶ )³	¸ªWﬀT(s.x*
C H??	xHﬀHx/|ª  dc|}|Y3ZA?|Zd­
,?/fZR2%­|¯°X#bd`aY\bd}Wx %­|¯ gan?T®­E¿ ÈPYA`atd}ﬃ¦ÄndmvÈPmkYAzgaYAx«Ú\m{bpu|TW`U¥ gaTO%«t}|tX
c|XÆÈh¡bpX3YgkYmH­>



9
³a²+	²d½¶µs+	ﬃ>  .f¶ )³	¸ªWx/+(Jx*
Cèx/|pH1ª?¿vcWdcW`wg¹ZAd?|­
,?/1/2y¿
­  ?bpYAÁdYr¼ª+qâ­%Ubp}Wx|idndu1bdxfTsi?bLi?ª8bp}1x±¿
­%qsYA}|dc|u|gkb|­ ¿ vYA¥Æ¿hmkz{T|gaYHz¸gkc|maY«¦Än?m3%«c|rgatT|n?u
Â
u|ga¡zbprvYgj¥+ndmkÁf`­%¯°} 




p³#4	Yz ﬁ6¶µJ½	² >  .f¶ )³½µ-)R½ )ª}sc|X
Ym
ZA0pﬀ.
t}

YHz¸gacWmaY¹vndgaYH` }Ç%ndX3u|c|gaYm\qfztY}WzYdªfuWbddYH` dds1H?|­sqsu|mk}WdYmU?YmkrtbdWªZA?d|­
,?/p2\Î ­ &­6U¹bpcfgk§d­
+ndcW}Wx|`\nd}6xfmkYAzgaYHxz(Jx®ª Á+*Pdm{bpu|T1`­SUT|Yn?mai nd¦%zYArrtc|r¡bpmyrtndd¡z}WYgj¥+ndmkÁs`\bp}1x
X#b?z{T|}WYA`A­ H	

J
 J!

 "8 +³;7C(){½¶?a  8µ ²p¾³*)uYp³¸¶ªWuWbp?YA`5/TY/pWª1ZH1.?|­
,?/H12yl­% bpm{z{TWbp}1xâª|Ù+­bp}WYdª|]¹­Wl*bpgac|mkª1bp}Wx q­/58`wYA}|YmH­8l*bpm{bprtrYAr
Â
ufgansYrtYAzgamknd}|¡zyÙ*ÙS 5E}Wdt}|Y1C
Ç%n?X3uWbpmkt`and}ﬀgan 5ErtYAzgamknd}|¡z\¯°X3u|rYAX3Y}Cgkbpgatnd}W`A­@	 .1´:µ¬¶¶ )#¶V@ﬀ1¾èµ-)Sﬁﬃ1¶¼µJ½
	¸ª|¿vuWmatrGZA?Cf­
,?/102¹Ú:­ % bpm{`kxfY}®ªCl­x% bdmkz{TWbd}Wxâªdl­ &hbdma?Yidª?bp}Wx#q­ 5G`wYA}|YmH­
Â
ufga¡zbdr|gam{bp}1`wun?`aYU}CgaYAmkznd}|}WYAz¸gkn?}
`aif`jgkYXÆbpm{z{T|©gkYAzgac|mkYA`A­ ﬁ@9 ﬁﬃ1¶¼µJ½
	

)¶¼¶ )³	¸ªâZA(wZAx*
CtZ4Td?	Z4Tdx0fª  dc|rtiÌZA?dW­
ðÄñô®ð (
 
µd³a²
	p³Cµ		²®³*) )ﬀf²?½ )ﬂﬁﬃ1¶¼µJ½{²¾ )¶! "³# ZH
,?/.2% 5"%q
Â
ufgktzAbprâ¯°}Wzd­ET?gagauDCFE1E¥ ¥ ¥¹­ X3YAX3`andu|ga¡zbpr¼­ zndXIEf­
,?/?=2y\­%«c|ÁsT|YAmJojYAYd­ﬃﬁ6¶µJ½{²p¾ > .YWµJ½{²¶¼µs|)¶K "p³#4	¸­fqsYmkYH`®n?}:Ç%ndX3u|cfgkYmGÇ%ndX3X
cW}|tzAbgkn?}W`­
%zAÚ\m{bL¥UÊ&hrtrªâZHdss­
,?/p2¹qâ­®lYAmaYA}|}|YH`­¹+manCbdx|zAbd`wgat}|)bp}1x¢Ú\n?`k`au|t}|ﬃnd}¢x|Y:+mkc| oj}ªqsTscY~#YÊ 5*e|z{TWbp}|?Ybd}WxÌqstX3r¡bpm
hYgj¥+ndmkÁf`­      9 
i
 µ	½³*)¶ )E@ﬀ1¾èµ-) Ì²¶K )R3²p¶µJ½	6²3 #´µ ²p¶p³¸µJ²¾ﬁﬃ )³a²p¶µs+	
 )
	(){²³k½
 ²G >  .f¶ )³â½µ-)R½ )ªWdWªZAd?|­
,?/p2¹qâ­r%.­*] YHx|xfidªEl­*]vbp?TWbLbp}®ª*bp}Wx  W­Ú:­rUyc|T|r¼­¿ÆÇ%r¡bd`k`¹nd¦PÚ\mkbdu|TW`y¦Än?mlEmknfzYA`k`andm¯°}CgaYAmwÊ
znd}|}WYAz¸gkn?}®­\¯°}M
1¶ )³
²p¶µs²p¾>1)³*)½ )ﬂ  ²p³a²¾¬¾ )¾ +³;A½ )	;	¸µ  pªâuWbddYH`ZA0HZA0?f­f¯ 5 5 5
Ç%n?X3u|cfgaYAmPqsnfztYgjiﬃlEmaYH`a`AªâZA?dW­
, 1T2  W­W] cWX:YAc|mH­   .YWµJ½{²p¶µs+	9d²+	¹¾ )	y³@
	(){² .`I 4)81³H½ )
		()(.f³	{­"%bd`k`wn?}®ªâZA?HW­
, |ZR2yÙ+­qsc|dtTs¥%n1ª%.­  bpm{`wn?}®ª|bp}1x  |­&Pbpmkma¡`A­  n¥ SUT|mkYA`aT|ndr¡x«Ç%n?}Cgat}CcWndcW`ariﬃSc|}1bp|rtY<7EYmaga¡zbdr©Ê
Ç+bLsgjiCÊ°qscWmw¦Jb?zYÊ 5EX3gwgat}|dÊ  bd`aYm{`8¥ gaT¤ZH|­tZ}|X Î6bL?YrtY}|dgaT ]vbp}WdYd­@ﬀ1¾èµ-) h?·=	¸µJ½	  )¶GJ
¶ )³	{ªT+C?0HfsªZA?Cs­
, ﬀ/2%­qsif`wÁbW­   .YWµJ½{²p¶µs+	Id²+	#¾ )	)²p³a½?µ¬¶ )k½¶ﬂ.f³*)
	  Rpµ¬³*) µ	¸¶³¸µ´.  )­ﬃlETWÈ gkT|YA`a¡`ª
Åh}|tdYm{`a©gk_yx|Yv¡zYyÊ%qsn?u|T|¡b:¿h}Cgatu1n?r¡`ªZAdx/f­TCgwgau C?EﬀEL¥ ¥ ¥¹­ YA`k`w¼­ ¦ÄmE \`aif`wÁb EL|t|rtn1­ TCgaX3r¼­
, d2¹Ú:­ 8bLisr¡b|ªEl­"% bpm{z{TWbp}1xâªEbp}Wxqâ­5G`aY}WYmH­ 5E}WYmkdi] YAÐCc|tmkYX3Y}Cg:bd}WxqsuYYHx¿h}Wbprtif`w¡`
nd¦
5GrYHz¸gamk¡zbprâbd}WxﬀÙWmaYAYÊjqsuWbdzY
Â
ufgktzAbprâÈP?©g{bpr¯°}CgaYm{zn?}|}|YHz¸gatnd}1`­®¯°}«l­ +YAmwgkT|ndX3_ybp}Wxﬃ¿­|Ù|YAmwÊ
mkYtm{b|ªYAx|©gkndm{`ªjﬁﬃ1¶¼µJ½{²¾ﬀW¶ )³k½; )k½¶¼µs+	v²> ²p³a²¾¬¾ )¾7+³H½+)		¸µ x
i
9
³*)=	v²¶¶s )"W¶ )³ ²?½+)ª
u1bpdYH` H?ZA/d|­ Uyrcs¥+Ym ¿ zb?xfYX3¡zpªâZHdCf­
, H12yÙ+­ bp}WYdªsl­Y% bdmkz{TWbd}WxâªC]¹­Cl*bpgac|mkªsbp}1xﬀq­$58`wYA}|YmH­qfzbdrtbd|rtYhvYgj¥%n?maÁ:¿vm{z{T|©gkYAzgac|mkYA`%Åh`a}|
SUTWY
Â
ufgktzAbprâSmkbd}W`wun?`aYv¯°}CgaYAmkznd}|}WYAz¸gkn?}ﬃqsif`wgaYX«­®¯°} Ì²=		¸µ3; )¾è·  ²p³a²¾¬¾ )¾ +³;A½ )	;	¸µ  	. 	¸µ x
ﬁﬃ¶µJ½{²¾+W¶ )³a½ ){½¶µs+	¸ªdu1bpdYH` ZdZ4HZA/fZ?ª1% bpcWª &hbL¥Ubptª
Â
z¸gkndYmhZHdﬀ.|­¯ 5 5 5 Ç%ndX3u|cfgkYm
qfnszYgjid­
ôô * 5
!/
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
